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SYMBOLS AND ABBREVIATIONS
a Semi-angle of the cone of confidence about the mean direction, 
within which the true mean direction lies with a probability 
P = 0.95«
a Chapter 2 only, side of square coil.
A Argon
B Number of Sampling Sites, 
b Between site precision.
Cf Contact stability test.
CRM Chemical Remanent Magnetization•
- Declination, clockwise east from True North (t n). 
dm Semiaxis of oval of confidence perpendicular to dp.
dp Semiaxis of oval of confidence on great circle passing
through point of observation and ancient pole position.
g Suffix used to represent a group of sites.
ild Destructive field (equivalent to coercivity of remanence 
Id ^ ) in oersteds).
H P eak  v a l u e  of  a l t e r n a t i n g  m a g n e t i c  f i e l d  i n  o e r s t e d s .
—P
H F i e l d  i n  o e r s t e d s  r e q u i r e d  t o  p roduce  ML s a t .
I I n c l i n a t i o n  measured p o s i t i v e l y  downwards f rom t h e
h o r i z o n t a l  p l a n e .
IHM I s o t h e r m a l  Remanent M a g n e t i z a t i o n  i n  e . m . u . / c c .
k F i s h e r ’ s b e s t  e s t i m a t e  of  p r e c i s i o n
K P o t a s s i u m .
1 N or th  d i r e c t i o n  c o s i n e .
L V e c t o r  o f  s e c o n d a r y  m a g n e t i z a t i o n .
MP M ag n e t i c  p r o p e r t i e s .
m E a s t  d i r e c t i o n  c o s i n e .
M U n t r e a t e d  NRM r e s u l t s .—n
M. ^ S a t u r a t i o n  IRM i n  e . m . u . / c c .—i  s a t .
M I n t e n s i t y  of  m a g n e t i z a t i o n  i n  e . m . u . / c c • X/O (ot sta
Mq I n i t i a l  i n t e n s i t y  of NRM.
m.y .  M i l l i o n  y e a r s .
NRM N a t u r a l  Remanent M a g n e t i z a t i o n ,
n Downwards d i r e c t i o n  c o s i n e .
N Number o f  spec im ens
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o
p
Q
R
r
S
s
TRM
Th
w
X
Z
Vector of primary direction of magnetization* 
Probability.
Is the ratio of precision after partial demagnetization 
to that before.
Resultant length of a group of unit vectors.
Suffix used to denote all results from a rock body.
Number of samples.
Suffix used to represent a site.
Thermo-remanent magnetization.
Thermal, temperature measured in degrees centigrade.
Within site precision.
Palaeolatitude.
The palaeomagnetic pole.
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K kappa The precision of a group of unit vectors 
calculated using Fisher's analysis of dispersion 
on a sphere*
e eta The angle between the true mean direction and 
that of the specimen in Fisher's analysis of 
dispersion.
phi Latitude
"A lambda Longitude•
v psi ancient co-latitude*
■x chi Susceptibility in e.m.u./cc x 10 in a field
of 0*5 oersteds.
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1 »1 Scope of  t h e  w o r k « P a l a e o m a g n e t i s m  i s  t h e  s t u d y  of  t h e  
d i r e c t i o n  o f  a n c i e n t  o r  ’f o s s i l ’ m a g n e t i z a t i o n  of  r o c k s .  I f  
t h e  measured  d i r e c t i o n  i n  a r o ck  sample i s  t h e  d i r e c t i o n  a c q u i r e d  
i n  t h e  e a r t h ’ s m a g n e t i c  f i e l d  a t  t h e  t im e  of  f o r m a t i o n ,  d e f i n e d  
a s  t h e  p r i m a r y  (0)  d i r e c t i o n ,  and i f  t h e  age and o r i e n t a t i o n  o f  
t h e  r o c k  i s  known, t h e  r e s u l t  may be u s e d  t o  s tu d y  t h e  m a g n e t i c  
f i e l d  a t  t h a t  t i m e .  To do t h i s  i t  i s  n e c e s s a r y  t o  p r o v i d e  
e v i d e n c e  f o r  s u p p o s i n g  t h a t  t h e  d i r e c t i o n  o b t a i n e d  i s  p r i m a r y ,  
and t h e r e f o r e  r e f l e c t s  t h e  e a r t h ' s  m a g n e t i c  f i e l d  a t  t h e  t i m e  
o f  f o r m a t i o n .  A s u c c e s s i o n  of such d i r e c t i o n s  f rom  r o c k s  o f  
i n c r e a s i n g  age may t h e n  be u s e d  t o  show c h a n g e s  i n  t h e  m a g n e t i c  
f i e l d  i n  p r e v i o u s  epochs  r e l a t i v e  t o  t h e  s a m p l i n g  a r e a .
This  t h e s i s  i s  m a in ly  c o n c e rn e d  wi th  t h e  o b s e r v a t i o n  o f  
' F o s s i l i z e d ’ m a g n e t i z a t i o n  d i r e c t i o n s  i n  i g n e o u s  r o c k s  f rom  
e a s t e r n  A u s t r a l i a  formed  d u r i n g  t h e  M esozo ic  E r a ,  and from 
which  t h e  d i r e c t i o n  of  t h e  m a g n e t i c  f i e l d  a t  t h a t  t im e  may be 
i n f e r r e d *  d i r e c t i o n s  from some T e r t i a r y  r o c k s  were a l s o  s t u d i e d  
f o r  c o m p a r i s o n .  D ur ing  t h e s e  s t u d i e s  i t  was fo u n d  n e c e s s a r y  t o  
supp lem en t  t h e  a p p a r a t u s  e x i s t i n g  i n  t h e  D epa r tm en t  o f  Geo­
p h y s i c s  w i th  an oven f o r  t h e r m a l  d e m a g n e t i z a t i o n .  I  c o n s t r u c t e d  
d e - g a u s s i n g  c o i l s  f o r  t h i s  ( c h a p t e r  2 ) .
1.1
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Samples from many rock b o d ie s  were o b ta in e d  and t h e i r  
d i r e c t i o n  of r a a g n e t i z a t io n  s t u d i e d .  The age of th e  rocks  
s t u d i e d  i s  c o n t r o l l e d  by t h e i r  s t r a t i g r a p h i c  r e l a t i o n s ,  and 
in  many case s  by K-A i s o t o p e  age d e t e r m i n a t i o n s .  The 
d i r e c t i o n s  were s u b j e c t e d  to  f i e l d  and l a b o r a t o r y  t e s t s  of 
s t a b i l i t y .  The r e s u l t s  have been a n a ly se d  s t a t i s t i c a l l y  and 
th e  mean from each rock u n i t  o b t a i n e d .  These d i r e c t i o n s  have 
been compared w i th  each o t h e r  to  p ro v id e  a p i c t u r e  of the  
v a r i a t i o n  of t h e  e a r t h ' s  magnet ic  f i e l d  i n  e a s t e r n  A u s t r a l i a  
in  t h e  Mesozoic.  F i n a l l y  t h e  A u s t r a l i a n  r e s u l t s  have been 
compared w i th  d i r e c t i o n s  from o t h e r  p a r t s  of the  world*
1 »2 A c q u i s i t i o n  of m a g n e t i z a t io n  by r o c k s . Of th e  ways in  
which ro ck s  may a c q u i r e  a n a t u r a l  remanent m a g n e t i z a t i o n  
(NRM), 4 a re  im p o r ta n t  in  the  p r e s e n t  s t u d y .  ( l )  Rocks a cq u i r e  
a Thermo-remanent m a g n e t i z a t i o n  (TRM) when th e y  coo l  th rough  
t h e  Curie  P o i n t s  of t h e  c o n s t i t u e n t  magnet ic  m i n e r a l s  in  a 
magnet ic  f i e l d *  Thus igneous  rocks  become m agnet ized  when 
th e y  cool in  the  e a r t h ' s  magnet ic  f i e l d  (Nagata 1953; T h e l l i e r  
1938, 1951) .  (2) Chemical remanent m a g n e t i z a t i o n  (CRM) may be
a c q u i r e d  by r o c k s  t h a t  undergo chemical change in  a magnet ic  
f i e l d ,  (Haigh, 1958; Kobayashi,  1959) .  ( 3) I s o th e rm a l
remanent roagnexiza tion  (iRM), w i l l  be a c q u i r e d  by rocks  a t  
room te m p e ra tu re  s u b j e c t e d  to  a magnet ic  f i e l d  l a r g e r  than the
1 . 2
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l o w es t  c o e r c iv e  f o r c e  of the  magnet ic  m in e ra l  i n  t h e  r o c k ,  
commonly more than  100 o e r s t e d s *  (4 ) V iscous  m a g n e t i z a t i o n  
(R im ber t ,  1956) may be acqu i red  in  much lower  magnet ic  f i e l d s  
(such  a s  t h a t  of t h e  e a r t h )  i f  the  rock  rem ains  i n  i t  f o r  a 
s u f f i c i e n t l y  long  t im e .
I t  i s  c o n v en ien t  to  use  C r e e p s  (1957) nom encla tu re  t o  
d i f f e r e n t i a t e  between components a c q u i r e d  by ro ck s  a t  d i f f e r e n t  
t im e s :  ( 1) A p r im ary  (0_) component a c q u i r e d  a t  th e  t ime t h e
rock  i s  formed* ( 2) A secondary  (l ) component a cq u i r ed  l a t e r  
than  0* L may be th e  v e c t o r  sum of more than  one component.
( 3 ) A tem porary  component a c q u i r ed  between c o l l e c t i o n  and 
measurement .  In g e n e r a l  TRM of igneous  rocks  y i e l d s  0 com­
p o n e n t s  whereas  IRM and v i s co u s  m a g n e t i z a t i o n  g ive  L components .  
CRM may g iv e  e i t h e r  an 0 o r  an I  component a cc o rd in g  to  t h e  
t im e  of  chemica l  change; i f  i t  i s  due t o  w e a th e r in g  i t  r e n d e r s  
t h e  rock  u n s u i t a b l e  f o r  pa laeom agnet ic  work as  i t  masks th e  0 
component.
1_*3 R e lev e n t  p r e v io u s  work* Wil l iam G i l b e r t  ( 16OO) was t h e  
f i r s t  t o  r e a l i z e  t h a t  th e  p r e s e n t  e a r t h ' s  magnet ic  f i e l d  
app rox im a te s  t h a t  of a u n i fo rm ly  magnet ized sphere  and subse­
quen t  t o  t h i s  d e t a i l s  of t h e  geomagnet ic  f i e l d  were o b ta in e d  a t  
O b s e r v a t o r i e s  i n  v a r i o u s  p a r t s  of the  world* I t  was n o t  u n t i l  
th e  l a t e  n i n e t e e n t h  c e n tu r y  t h a t  P o l g h e r a i t e r  (1897, 1899) ,
1*3
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u s i n g  an a s t a t i c  magnetomete r s i m i l a r  to  one f i r s t  used  by 
M el lon i  (1853) ,  showed t h a t  th e  m a g n e t i z a t i o n  in  baked E t ru sc a n  
p o t s  was v e ry  s t a b l e ,  t h e  f i r s t  w e l l - d e s c r i b e d  measurement of 
TRM. A l i t t l e  l a t e r  Brunhes (1905, 1906) was t h e  f i r s t  t o  
measure t h e  m a g n e t i z a t i o n  of c l a y s  baked by l a v a s  and showed 
t h a t  they  a c q u i r e d  a TRM by h e a t i n g  in  th e  e a r t h ’ s magnet ic  
f i e l d .
A d e t a i l e d  s tu d y  of t h e  m a g n e t i z a t io n  of th e  l a v a s  of 
Mount E tna  by C h e v a l l i e r  (1925) showed, by compar ison of 
d i r e c t i o n s  from h i s t o r i c  f low s  wi th  d i r e c t i o n s  measured a t  
magnet ic  o b s e r v a t o r i e s ,  t h a t  th e  l a v a s  became magnet ized 
p a r a l l e l  t o  t h e  magnet ic  f i e l d  a t  t h e  t ime of c o o l i n g ,  and 
he was a b l e  t o  use  d i r e c t i o n s  from o l d e r  l a v a s  to  t r a c e  th e  
s e c u l a r  v a r i a t i o n  in  p r e - h i s t o r i c  t im e s .
Mercanton ( l 926 (a) and ( b ) , 1931, 1932) ,  measur ing  
m a g n e t i z a t i o n  d i r e c t i o n s  in  l a v a s  from many c o u n t r i e s ,  showed 
t h a t  r e v e r s a l s  a re  a w or ld -wide  phenomenon; he made th e  f i r s t  
pa laeo m ag n e t ic  measurements  on A u s t r a l i a n  r o c k s .  P e r t i n e n t  
l a b o r a t o r y  work by Königsbergeif  (1932, 1938) and T h e l l i e r  
( l 938, 1946, 195l)  l a i d  a good f o u n d a t i o n  f o r  th e  development 
of pa laeomagnet ism.
I n t e r e s t  in  t h e  e a r t h ' s  magnet ic  f i e l d  was s t i m u l a t e d  by 
t h e o r i e s  of i t s  o r i g i n  p u t  fo rward  by E l s ä s s e r  (1946, 1947,
1 *4
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1956), Blackett (1952), Runcorn (1954, 1956(a)) and Herzenberg 
(1958). Its axial dipole nature over the last 20 million years 
was demonstrated by Hospers (19539 1954, 1955)* Hospers from 
field studies in Iceland and Roche (1950, 1951, 1953) in Prance 
published evidence supporting the postulate of reversals of the 
earth’s field. Concurrent with this progress the design of 
higher sensitivity magnetometers such as the ’spinner’ of Johnson 
(1938) and the elegant astatic magnetometer of Blackett (1952)9 
which was adapted to measure rock discs (Collinson, Creer,
Irving and Runcorn, 1957), greatly increased the range of rocks 
available for magnetic study.
In the decade following 1950 research in palaeomagnetism 
developed rapidly along two lines. (1) Active research, especially 
in Japan and France, into the complex magnetic properties of 
ferrimagnetic minerals in rocks, is summarized by Nagata (1953)9 
Nicholls (1955) and Uyeda (1958), and a general theory to account 
for these properties was given by Neel (1955), and has been 
developed by Stacey (1958(a) and (b)) and Verhoogen (1959)- 
(2) At the same time the possibility of testing the hypotheses 
of polar wandering and continental drift using palaeomagnetic 
results (Creer, Irving and Runcorn, 1954, 1957; Graham, 1955; 
Blackett, 1956; Irving, 1956(b), 1957, 1959; Runcorn 1956(a) and 
(b), 1959(a); Howell and Martinez, 1957; Creer, Irving, Nairn
1*5
and R unco rn ,  1 9 5 8 ) ,  l e d  t o  t h e  need  f o r  many a c c u r a t e l y  d e t e r m i n e d  
d i r e c t i o n s  and p o l e  p o s i t i o n s  f o r  a  s e q u e n c e  o f  r o c k s  t h r o u g h  
g e o l o g i c a l  p e r i o d s  f rom d i f f e r e n t  c o n t i n e n t s .  My t r a i n i n g  and 
e x p e r i e n c e  has  been  i n  g e o l o g y  and f i e l d  s t u d i e s  and t h e  em p h as i s  
i n  t h i s  work i s  on t h e  second  of  t h e -» »
The work of  I r v i n g  and Green  (1958) showed t h a t  t h e i r  p a l a e o -  
m a g n e t i c  r e s u l t s  s u g g e s t e d  a p a t h  of  p o l a r  w a n d e r i n g  r e l a t i v e  t o  
A u s t r a l i a  b u t  i t  was e v i d e n t  t h a t  b o t h  t h e  d i r e c t i o n  and r a t e  o f  
movement of  t h e  p o l e  r e l a t i v e  t o  A u s t r a l i a  were  i r r e g u l a r ,  and 
many more d e t a i l e d  o b s e r v a t i o n s  were r e q u i r e d .  There a r e  g r e a t  
gaps  i n  t h e  r e c o r d ,  f o r  i n s t a n c e  i n  t h e  Mesozoic  E r a ,  and t h e  work 
d e s c r i b e d  i n  t h i s  t h e s i s  was d e s i g n e d  t o  i n c r e a s e  o u r  knowledge 
o f  t h e  f i e l d  d u r i n g  t h i s  p e r i o d .  When I  began  t h i s  work o n l y  one 
s e t  o f  d e t a i l e d  r e s u l t s ,  from t h e  Tasmanian d o l e r i t e  ( J a e g e r  and 
J o p l i n , 1955; Almond,  Clegg  and J a e g e r ,  1956;  I r v i n g ,  1 9 5 6 ( a ) )  
and p r e l i m i n a r y  r e s u l t s  f rom t h e  B r i s b a n e  T u f f ,  were a v a i l a b l e  
j . rom «he M esozo ic  of  A u s t r a l i s ,  My work d e s c r i b e d  h e r e  g o e s  some 
way to w a r d s  f i l l i n g  t h e  gap by r e p o r t i n g  r e s u l t s  i n  t h e  T r i a s s i c ,  
J u r a s s i c  and C r e t a c e o u s  p e r i o d s ,  some o f  which  a r e  e s t a b l i s h e d  
i n  f a i r  d e t a i l .
—-*A P la n  of  t h e  Work. J u s t  a s  many f o r m a t i o n s  a r e  u n s u i t a b l e  
f o r  p a l a e o n t o l o g i c a l  s t u d y  due t o  l a c k  of  f o s s i l s  o r  p o o r  p r e s e r v a ­
t i o n ,  so a l s o  many r o c k  b o d i e s  a r e  n o t  s u i t e d  t o  p a l a e o m a g n e t i c
25
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s t u d y  b e c a u s e  o f  weak o r  u n s t a b l e  m a g n e t i z a t i o n .  Hence t h e  p r e ­
l i m i n a r y  f i e l d  s u rv e y  r a n g e d  o v e r  a wide a r e a  and co m p r i s ed  r o c k s  
of  many a g e s  i n  an a t t e m p t  t o  f i n d  m a t e r i a l  s u i t a b l e  f o r  p a l a e o -  
m a g n e t i c  s t u d y .  The r o c k  u n i t s  sampled a r e  shown i n  T ab le  1.1 i n  
t h e  o r d e r  i n  which t h e y  were c o l l e c t e d  t o g e t h e r  with  a s y n o p s i s  
o f  t h e  work done on th em .  T h i s  p r e l i m i n a r y  work on 20 r o c k  u n i t s  
i s  d e s c r i b e d  i n  c h a p t e r  3» As shown i n  t h e  t a b l e  c o n s i d e r a b l e  
l o s s  o f  d a t a  was c a u s e d  by t h e  f i r e  i n  t h e  C o c k r o f t  B u i l d i n g  o f  
t h e  S ch o o l  of  P h y s i c a l  S c i e n c e s  a t  t h i s  U n i v e r s i t y  on J u l y  6 t h ,  
1960,  i n  which a l l  d a t a  up t o  t h a t  t im e  was d e s t r o y e d .  A f t e r  the  
f i r e  a l l  p r i m a r y  d a t a  was d u p l i c a t e d ,  t h e  d u p l i c a t e s  b e i n g  k e p t  
i n  a  s e p a r a t e  b u i l d i n g ;  u n p r o m i s i n g  ro ck  u n i t s  were n o t  con­
s i d e r e d  i u r t h e r , b u t  s p e c im e n s  from b o d i e s  t h a t  a p p e a r e d  t o  be 
s u i t a b l e  f o r  p a l a e o m a g n e t i c  s tu d y  were r e m e a s u r e d .
Of t h e  20 ro ck  u n i t s  r e c o n n o i t r e d  9 were ju d g e d  t o  be 
s u i t a b l e  f o r  f u r t h e r  s t u d y .  The d i r e c t i o n  and i n t e n s i t y  o f  NRM 
o . i  many spe c im e n s  f rom ea c h  o f  t h e s e  u n i t s  was m e a su re d .
S e l e c t e d  s p ec im en s  were t e s t e d  f o r  s t a b i l i t y  and  a l l  s p e c im e n s  were 
m a g n e t i c a l l y  o r  t h e r m a l l y  c l e a n e d .  The p r i m a r y  d a t a  f o r  t h i s  work 
i s  g iv e n  i n  a p p e n d i c e s  a t  t h e  end  o f  t h e  t h e s i s ,  numbered a c c o r d ­
i n g  t o  t h e  c h a p t e r  i n  which  t h e y  were d e s c r i b e d .  The d a t a  were 
a n a l y s e d  s t a t i s t i c a l l y  and  mean d i r e c t i o n s  f o r  each  rock  u n i t  
were c a l c u l a t e d .  These d a t a  are g iv e n  i n  t a b l e s  o p p o s i t e  o r
1 .7
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TABLE 1.1
ROCK BODIES SURVEYED
No. Description Lati­
tude
S
Longi­
tude
E
Age
1 Granites from Mt. Isa Area 25 139 A
2 Murrumbidgee Bathylith 36 149 S
3 Tumut tunnel and Cabramurra 
Basalts
35 148 T ?
4 Gibraltar Syenite 34.5 150.4 J1
3 Gingenbn.ilen Dolerite 34.6 150.3 J ?
6 Prospect Dolerite 33-8 150.9 J1
7 Kelly1s Point Complex 36 150 T
and
D
8 M o ruya B a thy1ith 36 150 D
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50 v/ Collected during gran­
ite sampling for age 
determination by B.M..R. 
Results lost in fire. 
Some too weakly magnet­
ized, others probably 
struck by lightning.
11 v/ Results lost in fire. 
Some too weakly magnet­
ized, others weak and 
scattered directions.
4 V Samples collected by 
Dr’s Lovering & McDoug- 
all. Lcs t in fire. No 
agreement between 
specimens.
10 x/ \/ K-A age from hornblende
Samples collected “by 
R. Bcesen.
8 '•/ A. P. /  J K-A age from ^se'
Directions reversed. 
Samples collected by 
R. Boesen.
10 v/ '/ '/ K-A age from biotite in 
contact zone. Samples 
collected by R. Boesen.
20 y Initial measurements 
lost in fire. Remeas­
urement showed most 
sites scattered. No 
time for partial 
demagnetization.
5 \/ Results lost in fire. 
Directions scattered. 
Fresh outcrops inade­
quate .
^  ^ a ^ j  ec ̂  /"o catib/-a~tio^x c o r e c 1~I O y\
TABLE 1.1 continued
No. Description Lati­
tude
S
Longi­
tude
E
Age
9 Murrumburrah Basics 34 149 T ?
10 Painter Porphyry 35.3 149.1 D
11 Cygnet Alkalie ComplexA 43.2 147.1 Ku
12 Mount Dromedary Complex 36.3 1 50.1 Ku
13 Milton Monz onite 35.3 1 50.4 P-J
14 Coles Bay Granite 42 149 D
15 Ruby Hill Basanite 30.2 150.2 T ?
16 S.E. Queensland Tertiary 
Igneous Rocks
1 27 153 T
17 Noosa Heads Complex 26.4 153.1 Ju
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- jxemams
4 / Small plug v/ith eclo- 
gite inclusions. Dir­
ections random at 1=0.0
3 ■ J A.F. y Samples collected from 
excavation for Mount 
S tr omlo>rspe c tograph. 
Altitude of rock 
doubtful,
68 / A. P. y y / y K-A age from 3 minerals Stability tested.
78 ■/ A.F.&
Til.
■/ «/ y K-A age from 3 sites 
and 3 minerals. Det­
ailed study of stab­
ility for many rock 
types.
12 y A.F. y / i —A ag e t  & &  s”  > y ,  ct
Good example of removal 
of secondary component 
by P.D. in A.F.
2 y v/ Appears to be stable. 
Need more samples from 
more sites.
3 •/ A. F. From basanite dyke cut­ting a breccia pipe 
containing eclogite. 
Samples collected by 
Q. Halford.
54 y A.F. y y y Ages not accurately known. Intrusives and 
lavas used.
22 y A.F. y K-A age from sill and 
boss using hornblende 
and biotite. Gives a 
v/ell-dated reversal.
TABLE 1 . 1 c o n t i n u e d
No. D e s c r i p t i o n L a t i ­
tu d e
S
L o n g i ­
tu d e
E
Age
18 B r i s b a n e  T u f f 2 7 .5 153 .0 Krl \  W
19 Enogera  G r a n i t e 2 7 .5 153-0 P ?
20 P e l s i t e  Dyke from  Q u e en s la n d  
U n i v e r s i t y  Mine.
2 7 .5 153 .0 ?
S = Number o f  s a m p le s ,  NRH ~ N a t u r a l  r em a n en t  m a g n e t i z a t i o n ,  
P .D.  -  P a r t i a l  d e m a g n e t i z a t i o n ,  A .F .  = A l t e r n a t i n g  m a g n e t i c  
f i e l d ,  Th = T herm al ,  THM = A p p l i e d  th e rm o - re m a n e n t  m a g n e t i z a ­
t i o n ,  Ct = C o n t a c t  s t a b i l i t y  t e s t ,  MP = M agne t ic  p r o p e r t i e s ,  
APD = D e m a g n e t i z a t io n  i n  an a l t e r n a t i n g  m a g n e t i c  f i e l d .
Th.D = D e m a g n e t i z a t io n  by h e a t i n g .
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" KemarKs
12 y A.F. •/ Middle Triassic fossil 
flora. Small strati­
graphic range, may 
contain secular varia­
tion component.
y Random distribution at P=0 . 05,
3 y May get a lead age later. Specimens too 
weakly magnetised.
a d j a c e n t  t o  t h e  a p p r o p r i a t e  t e x t .  The r e s u l t s  f o r  t h e  9 rock  
u n i t s  s t u d i e d  i n  t h i s  way fo rm  t h e  s u b j e c t  m a t t e r  o f  c h a p t e r s  
4 t o  10.  A more d e t a i l e d  s t u d y  o f  s t a b i l i t y  and co m p a r i s o n  of 
c l e a n i n g  t e c h n i q u e s  i s  d e s c r i b e d  f o r  t h e  Mount Dromedary r o c k s  
i n  c h a p t e r  4•
When I  came to  t h i s  U n i v e r s i t y  a s t a t i c  m a g n e to m e te r s  and 
a l t e r n a t i n g  f i e l d  d e m a g n e t i z a t i o n  a p p a r a t u s  were a v a i l a b l e  in  
t h e  n o n - m a g n e t i c  h u t .  As a f i r s t  s t e p  we c o n s t r u c t e d  a  non­
m a g n e t i c  oven to  f a c i l i t a t e  t h e r m a l  s t u d i e s .  My p a r t  i n  t h i s  
was t o  make and t e s t  a  s e t  of  d e g a u s s i n g  c o i l s ,  which i s  d e s c r i b e d  
i n  c h a p t e r  2»
P o le  p o s i t i o n s  were c a l c u l a t e d  from t h e  mean d i r e c t i o n s  
o b t a i n e d  i n  c h a p t e r s  4 to  10,  so t h a t  r e s u l t s  f rom d i f f e r e n t  
p l a c e s  co u ld  be d i r e c t l y  compared .  In  C h a p t e r  11 t h e  p a l a e o -  
c l i m a t i c  and p a l a e o t e m p e r a t u r e  e v i d e n c e  from A u s t r a l i a  i s  
compared w i t h  t h e  p a l a e o l a t i t u d e s  d e r i v e d  f rom t h e s e  p o l e s  i n  
t h e  T r i a s s i c ,  J u r a s s i c  and C r e t a c e o u s  p e r i o d s ,  w ith  a v iew  t o  
e x a m in in g  t h e  h y p o t h e s i s  of  p o l a r  w a n d e r i n g .  F i n a l l y  i n  
c h a p t e r  12 my r e s u l t s  f rom t h e  Mesozoic o f  A u s t r a l i a  t o g e t h e r  
w i th  t h a t  a l r e a d y  p u b l i s h e d  a r e  compared w i t h  r e s u l t s  o f  s i m i l a r  
age o b t a i n e d  by o t h e r  w o rk e r s  f rom o t h e r  c o n t i n e n t s  t o  t e s t  t h e  
h y p o t h e s i s  of  c o n t i n e n t a l  d r i f t .
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1 . 5  Sample C o l l e c t i n g » A rock  body i s  on ly  s u i t a b l e  f o r  p a l a e o -  
m a g n e t i c  s a m p l in g  i f : -  ( l )  I t  i s  a d e q u a t e l y  e x p o s e d ,  ( 2 ) S u f f i c ­
i e n t  o f  t h e  r o c k  i s  u n w e a t h e r e d ,  ( 3 ) Specimens  from i t  a r e  s t r o n g l y  
enough m a g n e t i z e d  t o  d e f l e c t  t h e  m a g n e to m e te r j  ( 4 ) The s t r u c t u r a l  
e n v i ro n m e n t  i s  c o m p a r a t i v e l y  s im ple  so t h a t  i t  i s  p o s s i b l e  t o  
a s c e r t a i n  any s u b s e q u e n t  movement t h a t  h a s  o c c u r r e d «
In  e a s t e r n  A u s t r a l i a  any s l i g h t  r e d  s t a i n i n g  i n  i g n e o u s  r o c k s  
in  t h e  f i e l d  i s  i n d i c a t i v e  o f  w e a t h e r i n g  which w i l l  c a u s e  m a sk in g  
of  t h e  p r i m a r y  ( 0 ) com ponen t ,  and s u i t a b l e  m a t e r i a l  i s  i n  g e n e r a l  
o n ly  a v a i l a b l e  i n  q u a r r i e s ,  road  and r a i l  c u t t i n g s ,  s e a - c l i f f s ,  o r  
b l a s t  h o l e s ,  s e v e r e l y  l i m i t i n g  t h e  number of  s i t e s  a v a i l a b l e  i n  
any r o c k  body .
In  t h i s  work 2 o r  more o r i e n t e d  sam p les  were  c o l l e c t e d  f rom 
each  s i t e  t o  check  o r i e n t a t i o n  e r r o r s .  Samples  were o r i e n t e d  by 
s t a n d a r d  g e o l o g i c a l  t e c h n i q u e s  and o r i e n t a t i o n  was a c c u r a t e  to 
w i t h i n  2 « S u f f i c i e n t  s a m p le s  were t a k e n  t o  j u s t i f y  a s t a t i s t i c a l  
a n a l y s i s  a s  d e s c n o e d  i n  s e c t i o n  1 . 6 .  As f a r  a s  p o s s i b l e  s i t e s  
were chosen  so t h a t  s e c u l a r  v a r i a t i o n  would be a v e r a g e d  o u t  i n  
t h e  mean; t h i s  may be done f o r  i n t r u s i v e  b o d i e s  i f  o u t c r o p s  a l l o w  
a d e q u a t e  s a m p l in g  s i n c e  t h e  t im e  t a k e n  f o r  t h e  C u r i e  P o i n t  
i s o t h e r m  to  r e c e d e  f rom t h e  marg in  t o  t h e  c e n t r e  of  t h e  body  i s  
g r e a t e r  t h a n  t h a t  of  a  s e c u l a r  v a r i a t i o n  c y c l e  ( J a e g e r  and G reen ,  
1956,  J a e g e r ,  1958 ,  1 9 6 1 ) .
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1 .6 Measurement and analysis. From the rock samples collected
in the field 2 or more cylindrical specimens, 3*5cms in diameter 
and either 7 or 35mm thick, were cut normal to the oriented 
surface with non-magnetic tools, care being taken to preserve 
the orientation marks. The direction and intensity of magnetiza­
tion of these specimens was measured on either a short period 
(Irving, 1956(a)) or long period (described by Green, 1959) 
astatic magnetometer essentially similar to those previously 
constructed (Blackett, 1952; Collinson, Creer, Irving and 
Runcorn, 1957).
Magnetization directions obtained from specimens are specified 
by the declination (d ) measured clockwise from true north and the 
inclination (_l) measured positively downwards from the horizontal 
plane. The direction cosines (l, m, n) of one specimen are thens-
1 a cos D cos I, m = sin D cos I, and n = sin I ... (1 )
Fisher (l953) has shown that the best estimate of the mean of a 
set of N specimen directions from a site is given by:-
1
s (2)n=1 n=1 n=1
• • • (3)
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He s u g g e s t e d  t h a t  t h e  measured  d i r e c t i o n s  of  s p e c im e n s  may be 
r e g a r d e d  a s  d i s t r i b u t e d  o v e r  a s p h e r e  w i t h  a  p r o b a b i l i t y  d e n s i t y
L J
— ^ ------ j  exp (/‘f c o s  £ ) . . .  (4)
4 n s i n h  H-
where £ i s  t h e  a n g l e  b e tw e e n  t h e  t r u e  mean d i r e c t i o n  and t h a t  
o f  t h e  specimen« K  i s  a  measure  of p r e c i s i o n ,  and F i s h e r  showed 
t h a t  t h e  b e s t  e s t i m a t e  o f  i t ,  k ,  i s  g i v e n  b y : -
N-1
k = N-R . . .  (5)
He a l s o  showed t h a t  t h e  a c c u r a c y  of  t h e  e s t i m a t e  of  t h e  t r u e  mean 
d i r e c t i o n  may be s p e c i f i e d  by t h e  s e m i - v e r t i c a l  a n g l e ,  a ,  o f  t h e  
cone a b o u t  t h e  mean d i r e c t i o n ,  g iv e n  b y : -
cos  a  = 1 -  —  I  P - 1 J  . . .  (6)
Here  a p r o b a b i l i t y ,  P = 0 . 0 5  i s  u s e d .
F i s h e r ' s  a n a l y s i s  may be u s e d  t o  combine r e s u l t s  f rom any 
l e v e l , su ch  a s  spec im ens  o r  s i t e s ,  to  g i v e  a mean a t  a  h i g h e r  
l e v e l ,  su ch  a s  s i t e s  o r  r o c k  u n i t s .  To av o id  c o n f u s i o n  and 
f a c i l i t a t e  co m p ar i s o n  t h e  f o l l o w i n g  sys tem  of  s u f f i c e s  h a s  been 
a d o p t e d  h e r e  t o  d e s i g n a t e  t h e  l e v e l s  t o  which  D, I ,  R, N, k ,  and 
.1. r e f e r : -  ihe l e i - - h a n d  s u f f i x  r e f e r s  t o  t h e  l e v e l  from w h ich  t h e  
d a t a  a r e  t a k e n ,  and t h e  r i g h t - h a n d  s u f f i x  r e f e r s  t o  t h e  l e v e l  a t  
w hich  t h e  d a t a  a r e  com bined :  Where i n t e r m e d i a t e  l e v e l s  a r e  u s e d ,
such  a s  c o m b i n a t i o n  o f  spec im en  d i r e c t i o n s  i n t o  s i t e  d i r e c t i o n s  
and t h e n  f rom s i t e s  t o  rock  b o d i e s ,  t h e  i n t e r m e d i a t e  s u f f i c e s
1.11
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r e f e r j  f rom t h e  l e f t ,  t o  t h e  l e v e l s  t h r o u g h  which  t h e  f i n a l
s t a t i s t i c  i s  o b t a i n e d .  1 r e p r e s e n t s  a  s p e c im e n ,  which  i s  measured
by t h e  m a g n e to m e te r ,  2 r e p r e s e n t s  a s a m p l e ,  c o l l e c t e d  i n  t h e
f i e l d , s& r e p r e s e n t s  a  s i t e ,  which  i s  a  s i n g l e  c o l l e c t i n g  a r e a
s u c h  a s  a  b l a s t  h o l e ,  road  c u t t i n g ,  o r  q u a r r y ,  g r e p r e s e n t s  a
g ro u p  o f  s i t e s  w i t h  some common d e n o m in a to r  such  a s  r o c k  t y p e ,
and r  r e p r e s e n t s  t h e  whole r o c k  body.  Thus D„ i s  t h e  d e c l i n a -
—1 s r
t i o n  i n  a  r o c k  body o b t a i n e d  from s i t e  means which come f rom  t h e  
mean of  spec im en  d i r e c t i o n s .
A n o t h e r  way of  r e p r e s e n t i n g  r e s u l t s  i s  t h e  c a l c u l a t i o n  o f  
p o l e  p o s i t i o n s  ( C r e e r ,  I r v i n g  and R uncorn ,  1 9 5 7 ) .  T h i s  a l l o w s  
c o m p a r i s o n  t o  be made be tween  r e s u l t s  f rom  d i f f e r e n t  p l a c e s .
The p o l e  p o s i t i o n  may be c a l c u l a t e d  f rom a g iv e n  d e c l i n a t i o n  (d ) 
and i n c l i n a t i o n  (_l) o b t a i n e d  a t  a  p l a c e  w i th  g e o g r a p h i c a l  co­
o r d i n a t e s  ,7 \  ) ,  u s i n g  t h e  p r o p e r t y  o f  a  d i p o l e  f i e l d  t h a t  t h e  
m a g n e t i c  c o - l a t i t u d e  (h//) b e a r s  t h e  s im p l e  r e l a t i o n  t o  t h e  
i n c l i n a t i o n  ( i )  -  c o t y  = i  t a n  I  . . .  (7 )
I f  t h e  p r e s e n t  g e o g r a p h i c a l  c o - o r d i n a t e s  o f  t h i s  p o l e  a r e  (jrf, A ) 
^iiey may be o b t a i n e d  by s o l v i n g  t h e  s p h e r i c a l  t r i a n g l e  on t h e  
e a r t h ' s  s u r f a c e  u s i n g  t h e  f o r m u l a e : -
s i n  $  = s i n  jzf1 cos  ^ +  cos s i n ^ c o s  D . . .  (8 )
and s i n  -  ?! ) = s i n ^ /  s i n  D
c o s  $
. . .  ( 9 )
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In  some r o c k  u n i t s  th e  w i t h i n  s i t e  s c a t t e r  was s m a l l  and i t  
was t h o u g h t  w o r th  w h i l e  t  o do a  w i t h i n  and be tw ee n  a i t e  a n a l y s i s  
a s  d e v e l o p e d  by Watson and I r v i n g  (1 9 5 7 ) ;  i n  t h e s e  c a s e s  t h e  
w i t h i n  (w) and be tw een  (b) s i t e  p r e c i s i o n s  a r e  g i v e n .
1 »7 F i e l d  s t u d i e s  o f  s t a b i l i t y . C e r t a i n  f i e l d  t e s t s  may be u s e d  
t o  i n d i c a t e  w h e th e r  t h e  measured  d i r e c t i o n s  a r e  l i k e l y  t o  have 
been  r e t a i n e d  s i n c e  t h e  r o c k  was fo rm e d .  P o s i t i v e  r e s u l t s  f o r  
t h e s e  t e s t s  s u p p o r t  t h e  i d e a  t h a t  t h e  m a g n e t i z a t i o n  d i r e c t i o n  i n  
t h e  r o c k  r e f l e c t s  t h a t  of  t h e  f i e l d  a t  t h e  t im e  of  f o r m a t i o n .
These t e s t s  a r e : -
(1) C o n s i s t e n c y  t e s t .  I f  d i r e c t i o n s  f rom a  g roup  o f  sam p les
f rom  a  s i n g l e  u n i t  show a s m a l l  s c a t t e r  th e n  a l l  f a c t o r s  c a u s i n g  
d i s p e r s i o n ,  n o t a b l y  randomly  o r  s y s t e m a t i c a l l y  d i r e c t e d  components  
a r e  l i k e l y  to  be  s m a l l .  There i s  s t i l l  t h e  p o s s i b i l i t y  of  
s e c o n d a r y  components  a l l  o f  such a s i z e  a s  t o  r o t a t e  a l l  t h e  
d i r e c t i o n s  i n  a  g r o u p :  however  many r e s u l t s  f rom s i n g l e  s i t e s
show v a r i a b l e  s t a b i l i t y ,  and t h i s  v a r i a b i l i t y  i s  l i k e l y  t o  be 
more p ronounced  when t a k e n  o v e r  t h e  whole r o c k  u n i t .
( 2 ) D e v i a t i o n  t e s t .  I f  d i r e c t i o n s  f ro m  a rock  u n i t  a r e  
away f rom  t h e  p r e s e n t  f i e l d  d i r e c t i o n  t h e y  must be s t a b l e  i n  t h e  
p r e s e n t  e a r t h ’ s f i e l d *  R eve r sa l s  add much w e ig h t  t o  t h i s  t e s t .
o t r i n g i n g *  o f  d i r e c t i o n s  a l o n g  a g r e a t  c i r c l e  to w a r d s  t h e  p r e s e n t  
o r  d i p o l e  f i e l d  d i r e c t i o n s  i n d i c a t e s  p a r t i a l  i n s t a b i l i t y .
1 . 13
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( j > )  C o n t a c t  t e s t .  D i r e c t i o n s  f rom s e d im e n t  baked  by an 
i n t r u s i o n  s i m i l a r  t o  t h o s e  of  t h e  i g n e o u s  rock b u t  d i f f e r e n t  
f rom t h o s e  o f  t h e  unbaked  s e d im e n t  a r e  good e v i d e n c e  t h a t  t h e  
m a g n e t i z a t i o n  was a c q u i r e d  a t  t h e  t im e  o f  i n t r u s i o n  and i s  
p r o b a b l y  due t o  TRM. The p o s s i b i l i t y  t h a t  b o t h  b aked  s e d im e n t  
and  i n t r u s i o n  a c q u i r e d  t h e i r  d i r e c t i o n  f rom  some l a t e r  s o u r c e ,  
w h i l e  i t  c a n n o t  be p r e c l u d e d ,  i s  v e r y  u n l i k e l y  i n  view o f  t h e  
d i f f e r e n c e  i n  d i r e c t i o n  f rom  t h e  unbaked s e d i m e n t .
(4 ) S t r u c t u r e  t e s t s .  P o s i t i v e  r e s u l t s  f o r  t h e  f o l d  and 
c o n g l o m e r a t e  t e s t s  o f  Graham (1949) i n d i c a t e  s t a b i l i t y ,  s i n c e  
t h e y  show t h a t  no s e c o n d a r y  ( l ) component  h a s  been  a c q u i r e d  
s i n c e  t h e  f o l d i n g  o r  d e p o s i t i o n  of  t h e  c o n g l o m e r a t e ,  b u t  
o p p o r t u n i t i e s  f o r  a p p l y i n g  such  t e s t s  a r e  r a r e  f o r  i g n e o u s  
r o c k s ,  and no such  s u i t a b l e  s t r u c t u r e  h a s  been  found  i n  t h i s  
work.
Commonly o n ly  f i e l d  t e s t s  ( 1) and ( 2 ) a r e  a v a i l a b l e  f o r  
j u d g i n g  s t a b i l i t y ,  so t h a t  a d d i t i o n a l  l a b o r a t o r y  t e s t s  a r e  
h i g h l y  d e s i r a b l e .  These have been  d e v e l o p e d  to  a n a l y s e  t h e  
com ponents  p r e s e n t  and a r e  d e s c r i b e d  i n  t h e  n e x t  s e c t i o n .
JLlÜ L a b o r a t o r y  s t u d i e s  o f  s t a b i l i t y . I g n e o u s  b o d i e s  have been  
shown t o  a c q u i r e  a  p r i m a r y  (0 ) TRM, when t h e y  c o o l e d ,  i n  t h e  
d i r e c t i o n  o f  t h e  e a r t h ' s  m a g n e t i c  f i e l d  ( C h e v a l l i e r ,  1925;  
H o s p e r s ,  1955;  N a g a ta ,  1953;  and o t h e r s ) .  Commonly, how ever ,
1 .14
Pig. 1.1. Showing primary (o) and secondary (l) component 
vectors of NRM of rocks. (a) NRM of a 'partially stable' 
rock in which both 0 and L are large. (b) NRM of a 'stable' 
rock in which 0 is large and L is small. (c) Remanent 
magnetization after 'cleaning' a partially stable rock such as 
that giving result (a), in which the L component is reduced 
much more rapidly than the 0_ component, yielding a direction 
similar to that given by the 'stable' rock.
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a later secondary (l) magnetization is superposed (As and Zijder- 
veld, 1958; Greer, 1957; Irving, Stott and Ward, 1961). The 
JrfM of such a rock is the vector sum of _0 and L, and the rocks may 
be defined as 'partially stable', since the direction is only 
partly due to the ^ component. it follows that rocks in which 
only an £ component is significant are defined as 'stable', and 
tnose in which the 0 component is absent or entirely masked as 
'unstable'. The object of magnetic and thermal cleaning, which 
have been used extensively in this work, is to increase the -/L
ratio in partially stable rooks (Figure 1.1), and if possible 
to render L negligible.
The laboratory techniques that may give pointers to stability
are
(1) Demagnetization of NRM by alternating magnetic fields.
2̂) Thermal demagnetization of NRM.
(3) Thermal demagnetization of applied TRM.
(4) Magnetic properties in high fields (M r H )
i sat-' d* sat
(5) Examination of thin sections.
(ß) Examination of polished sections.
(?) X-ray powder photography.
(8) Various sophisticated techniques such as anhysteritic 
demagnetization, (Rimbert, 1957) partial thermal demag­
netization, and anisotropy measurements, which will not 
be discussed here.
1.15
The apparatus used both for alternating magnetic field demag­
netization (Irving, Stott and Ward, 1961), and for thermal 
demagnetization (Irving, Robertson, Stott, Tarling and Ward, 1961), 
has been previously described. The two methods are analogous, 
the difference is that the intensity after treatment depends in 
the case of alternating field demagnetization on the coercivity 
of the magnetic mineral grains in the specimen, and in the case 
of heating on the Curie Point spectrum. Specimens are treated 
in successively higher fields or temperatures, and the direction 
and intensity of magnetization is measured after each step. The 
ratio of intensity at each step to the initial intensity may be 
plotted against field or temperature, and these curves for 
different rocks may be compared. Comparison with curves from 
rocks of known stability characteristics gives a qualitative 
criterian of stability.
The above two types of apparatus may also be used for magnetic 
and thermal cleaning respectively (for example As and Zijderveld, 
1958) in which all specimens from a group are subjected to a 
previously determined field or temperature treatment. The field
or temperature required is that for which the ratio -/ is aL
maximum* Two criteria that may be used to determine this are the 
rotation of the vector in the case of distributions strung towards 
the present field, or the more general reduction of scatter.
1 .16
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1 i s  commonly composed of two components,  a d i r e c t e d  component 
( th e  secondary  component of  C ree r  (1957)) a long t h e  d i r e c t i o n  
of t h e  p r e s e n t  o r  d i p o l e  f i e l d ,  and a randomly d i r e c t e d  component 
( C r e e r ' s  temporary  component) commonly a c q u i r e d  d u r in g  s t o r a g e  
a t  random in  th e  e a r t h ' s  f i e l d .  Both components may form a 
d i f f e r e n t  p r o p o r t i o n  o f  the  t o t a l  i n t e n s i t y  in  d i f f e r e n t  s p e c i ­
mens, presumably  due to  d i f f e r e n t  c o e r c i v i t i e s  o r  Curie  P o i n t s  
of t h i s  component,  c a u s in g  s t r i n g i n g  from and s c a t t e r  about t h e  
2. d i r e c t i o n  r e s p e c t i v e l y .  Both cause  s c a t t e r  and hence a re  
minimized when the  s c a t t e r  i s  l e a s t .
F i s h e r ' s  (1953) e s t i m a t e  o f  p r e c i s i o n ,  k ,  t h e  i n v e r s e  of 
s c a t t e r ,  of a group of spec imens from a s i t e  i s  u sed  h e re  as an 
o b j e c t i v e  c r i t e r i a n  f o r  min im izing  L. Thus a group o f  specimens  
a re  t r e a t e d  in  s u c c e s s i v e l y  h i g h e r  f i e l d s  and t e m p e r a t u r e s  u n t i l  
t h a t  g i v in g  l e a s t  s c a t t e r  may be d e te rm in ed ;  t h e  rem ain ing  
specimens a r e  then  c lea n e d  i n  t h i s  f i e l d  (o r  t e m p e r a t u r e ) .  
Comparison of the  two methods u s in g  Mount Dromedary rocks  
( c h a p t e r  4 ) i n d i c a t e d  t h a t  magnet ic  c l e a n i n g  was t h e  more e f f e c t ­
i v e  f o r  igneous  r o c k s ,  and i t  has been used  f o r  th e  o t h e r  rock 
u n i t s  s t u d i e d .
Specimens may be g iv e n  a TRM by h e a t i n g  above th e  Curie  
P o i n t s  of th e  magnet ic  m in e r a l s  and c o o l in g  i n  t h e  l a b o r a t o r y  
i n  t h e  e a r t h ' s  m agnet ic  f i e l d .  Rocks f o r  which TRM and NRM
1 . 1 7
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thermal demagnetization curves follow similar paths are believed 
to have retained their original TRM acquired on initial cooling 
until it was destroyed in the laboratory, and hence to be stable» 
Partially stable specimens may have parallel TRM and NRM curves 
in the higher temperature ranges.
Magnetic properties in high fields, and also susceptibility 
CX), give useful information about the rocks, but these 
properties are not directly related to the stability of NRM 
acquired in a low field* Thin section examination is useful for 
naming and grouping rocks and testing for incipient weathering, 
but yields little information about the magnetic minerals.
Polished sections, supplemented where possible by X-ray 
powder photography, enable most of the ferrimagnetic minerals 
to be identified. Intergrowths and the shape and size of the 
ferrimagnetic minerals may also be seen. The relationship 
between stability and these factors, however, is still largely 
unknown but it is important to establish empirical relationships 
and a preliminary attempt has been made to do this for Mount 
Dromedary.
Age basis for the palaeomgenetic results. Most previous 
magnetic direction determinations have been obtained from lava 
flows and red beds which in general do not contain minerals 
suitable for radio-active isotope age determinations, and very 
commonly their geological age is only known by stratigraphic 
correlation within wide limits.
45
The .rocks examined here have been selected to include as 
many as possible from which both magnetization directions and 
radio-active ages could be determined, in order to provide an 
adequate time basis for the palaeomagnetic results. In many 
cases stratigraphic control is also available.
The age of mineral separates from Mount Dromedary, Cygnet, 
Noosa Heads, Milton Monzonite, Gibraltar, Prospect and Gingen- 
bullen has been determined in this department by the K-A isotope 
method (Appendix 11.1), and wherever possible 2 or more minerals 
from 2 or more sites have been used. This radio-isotope work 
was done by Evemden and Richards and the earlier results have 
been published (Evernden and Richards, 1962). The advantage of 
this is that the K-A age determinations give an upper age limit, 
due to the possibility of argon loss through diffusion, whereas 
the stratigraphic age of the rocks intruded give a lower limit
to the age. Thus the palaeomagnetic results are contained in a 
good age framework.
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F i g .  2*2 Diagram of  t h e  e l e m e n t s  t o  c a l c u l a t e  t o  t h e  f i e l d  
on t h e  a x i s  o f  a  sq u a re  c o i l  due t o  an e l e c t r i c a l  c u r r e n t  
f l o w i n g  round i t .
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CHAPTER 2. CONSTRUCTION AND TESTING OP A SET OP SQUARE DEGAUSSING 
COILS
2*1 The Purpose of the Coils* The coils were made to annul the 
earth's magnetic field in a cylindrical oven 18cm in diameter 
(Irving, Robertson, Stott, Tarling and Ward, 1961)» It holds 
40 specimens of 35mm diameter and 7mm thick (Figure 2*1 )• The 
object was to heat and cool sets of specimens to known temperatures 
in either zero or a known magnetic field so that the stability of 
specimens could be thermally cleaned.
Three pairs of orthogonal square coils were used* These are 
simpler to make, easier to instal, and provide better access than 
circular coils, and give comparable accuracy in nulling the field* 
It would be difficult to orient a single pair set in the Helmholtz 
position with their axis parallel to the earth's magnetic field.
2*2 Theoretical Considerations*
Let AB = AC = a = g length of side of one square coil and 
P be a point on the axis such that CP = z, and 
Q a point on AB such that AQ = S 
Also let AQP = ö, and QP = r 
Then AP = (a2+*2)^
the field at p due to a small length ds of the coil at Q 
(Figure 2.2) carrying a current i iss-
dH = -LA3 sin Q ---Biot Savat»s Law ,
2r
2,1
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/ n  2  r> £>
but ds = - (a^+z")s cosec‘0 d0 and 1_ = sin 0
2 2 2 r a +z
.. dH = - i sin6 d9 
(a2+Z2)4
Integrating from A to B
/ftH , = - / b i sin 0 d0 = i cos d,ab / 2 2 \ 2n (a +z ) t 2 2\jz (a +z )
but cos 0,
(2a2 + z2)*
Total field at P due to AB, Hab i a/ 2 2\g-/_ 2(a +z ) (2a +z )
The axial component is H ^ cos CAP = ____ a_
/ 2 2\'g’(a +z )*
i a
/ 2 2 \ / _ 2 2\ g(a +z ) (2a +z )**
By symmetry over the whole coil the radial components cancel,
2so that the field due to the coil at P is 8 i a
r/ 2 2 \ / 2 2 \ 'S(a +z ) (2a +z
or 8 i ( i )
a ( (l+x2) 1(2+x2) 2 ) where x = z
( ) I
For the Helmholtz position the axial gradient must be zero, 
i.e. 'd:r!H
Now ÖH = - 8i ( -----— 7^------  )
3x a ( (x2+2)^' d(x+l)° )
2 . 2
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(
and = - 8i > (9x3+5) (x"+2) )-3x(3x3+5) (xg+1 )-4x(5x3+5x) (xS+2) \
2x2 ( (x+l)3 (x+2)5/2 )
• • • 5
6 4 2Hence for the Helmholtz position 6x + 18x + 11x -5 = 0
• • • 6 •
The required solution is x = - = 0*5445, that is the axiala
component of magnetic gradient is zero at a distance of 0*5445 
times the half length of the square from the centre of the coil.
Thus the required coil separation is 1.0890*a ... 7
If a current of i e*m*u* flows through a pair of square coils 
of side length a, each containing n turns, then the field, H,
at the centre, is from 3 ••••
2H = 1 6 i a"n______ where z = -*5445»a
/ 2 , 2 \ / _  2 2 \ - > s(a +z )(2a +z )
* • H = 8*143 i n .......... .
a
If the field is measured in oersteds and the current in amps,
then H = 0*8145 i n ... 8
a
2,3 Practical Considerations. The size of the coils was limited 
by hut height and access to a side length of about 2 metres.
Formats of welded aluminium were lined with empire cloth and leads 
were taken through plastic grommets to ensure insulation. Single 
enamel 18 s.w.g. copper wire in alternate layer windings, coated
2*3
NON MAGNETIC OVEN
DE-GAUSSING COILS BATTERY
ROOMWIRING DIAGRAM
N - S 
C O IL S C O IL SCOILS
•4V S4V
Ryi O-IOO-^ Rva 0-100-
O- . 0 0 —  R ^  o -  5oo
RESISTANCES f t  o -so o o -^ -R  o -scx x
<C*RD RESISTANCES
•^V— 1 P O T .
P i g .  2»3 E le c tr ic a l  c i r c u i t  diagrams f o r  th e  3 or th o g o n a l  
p a i r s  o f  square c o i l s .
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with shellac, was used* Primary and secondary coils for the 
6 squares were wound by rotation in a vertical plane in a 
specially made gantry, fitted with a counter. Table 2 • ^ gives 
details of the windings*
The N coil pair, with horizontal axes in the magnetic meridian 
to annul the horizontal component of the earth's magnetic field, 
rest on the floor of the hut* The E pair, with horizontal axes 
at right angles to the magnetic meridian, to annul any residual 
component, fit inside the N coils* The V pair, with vertical 
axes to annul the vertical component of the earth’s magnetic field, 
fit outside the other coils, which support them.
Each pair of coils, which are connected in series, has a 
similar electrical circuit (Figure 2*3)* The current is supplied 
by a bank of lead/acid batteries that will supply 84 volts. The 
current in each pair is adjusted by variable resistances (Rvi etc.) 
and measured by substandard Weston moving coil ammeters (Av etc*)*
A reversing switch is included in each circuit. Fluctuations of 
current due to temperature changes are kept to a minimum by a large 
constantin fixed resistance in series with each coil pair. A 
potentiometer circuit, which could be switched into any pair, and 
was also used to measure the temperature in the oven, was used for 
fine adjustment and current checking.
Table 2*2 gives the residual field in gamma at the centre of 
the oven due to various percentage errors in the currents in the
2.4
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COILS
Bottom
V.
Top
N.
N-S
S.
E.
E.W.
W.
TABLE 2.1
SPECIFICATIONS _OF SQUARE HELMHOLTZ COILS
ALUMINIUM FORMATS
Cross-Section of 
Channel in ins.
Half Na tu ral Scale
Outside
length
of
square 
in ins.
Inside 
1eng th 
of
square 
in ins.
72.22 177.06
Separation 
of inner 
sides of 
coils 
in cms.
90.26
168.87 85.01
163.24 84.06
a ~ Effective \ length of square, that is the mean half length 
for the appropriate winding.
PRIMARY WINDINGS SECONDARY WINDINGS
a
in
cms
No.
of
Turns
Res. in 
Ohms.
1
Current 
in amps.
a
in
cms.
No.
of
turns.
Res. in 
Ohms
Calc.Meas. Calc.Meas. Calc.Meas.
89.74 66.7 9.6
640 68.9 .093 .0926 91.39 82 8.9
90.06 67.O 9.6
85.16 30.8 8.3
310 31.2 .083 .0820 85.95 82 8.3
85.16 30.8 8.3
81.88 7.2 5.3
73 6.8
X
.034 .0005 82.35 54 5.3
81.83 7.1 5.3
x = allowing for 1° error in levelling V. coils and 2° error 
in orienting N-S coils.
55
TABLE 2.2
%  Change 
in
Current
^  H, Change in 
field from 
current change 
in N-S coils 
in %
ZlV, Change in 
field from 
current change 
in V coils 
in y
Resultant 
field in 
oven in
6
0.10 24 54 59
0.20 48 107 118
0.25 61 134 147
0.30 72 161 176
0.40 96 214 234
0.50 122 268 294
0.60 144 321 352
0.75 183 402 442
1.00 243 536 558
1.50 365 804 883
f ) t v
V and N coils. It was possible to read the Weston meters to an 
accuracy of between 0.1 and 0.2 percent and thus to control the 
field due to the coils within 100 gamma. Field fluctuations of 
this order were produced by variations in the earth's magnetic 
field due to diurnal variations, magnetic storms and local dis­
turbances so that the Weston substandard meters were adequate to 
measure the current in the coils. Current values about 3 times 
more accurate may be obtained using the potentiometer, which would 
only increase the accuracy if the disturbances could be better 
controlled.
2»4 Preliminary Testing. The currents required to annul the 
earth's field, called the compensating currents, were found 
experimentally for each pair by altering the current in one pair 
by steps while the current in the other pairs was kept constant* 
and observing the effect on a dip circle for the V coils and on 
an oscillating magnet for the N and E coils set at the centre of 
the system.
To balance the V coils the dip circle was set in the magnetic 
meridian. The current through the V coils was adjusted until the 
needle was approximately horizontal. Deviations from the horizontal 
were measured for small variations of current. Each direction 
was obtained as a mean of eight dip needle readings, (both ends, 
repeated with the circle reversed, and all repeated with the needle
2.5
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Pig. 2*4 Graph showing the 
current required in the V 
coils. Displacement of the 
dip needle from horizontal 
is plotted as ordinate, and 
current through the V coils 
as abscissae.
Pig. 2»5 Graph shoving the 
current required in the N 
coils. The period of swing 
of a magnet suspended at the 
centre of the system is 
plotted as ordinate, and the 
current through the N coils 
as abscissae.
reversed on its pivot)• For small values the variation with 
current is linear and the compensating current in the V coils 
(92.6m.A.) may be read off the graph (Figure 2.4).
The horizontal field was then tested by timing the swing of 
a magnet suspended at the centre of the coils. The period is 
inversly proportional to the restoring force, which is the 
resultant of the earth's horizontal component and the fields due 
to the N and E coils.
The current in one pair was kept constant while that in the 
pair fco be balanced was altered by steps through a range in which 
period oi swing of the magnet passed through a maximum.
Values of current against period are plotted in Figure 2*5. The 
curve separated into two symmetrical halves asymptotic to the 
required current strength*
xhe wnole balancing process was divided into eight stages 
as followsi-
1. V coils balanced with no current in other coils.
2- N coils balanced with the current found in (l) in the V coils
and no current in the E coils.
5* V coils balanced with the current found in (2) reversed in the
N coils and no current in E coils. The optimum current was
less than in (1), hence the N coils with a normal sense 
current nad a component opposing the V coils. This was compen­
sated by adding the difference in optimum V coil currents 
obtained in (3) and (1).
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4. N coils balanced with new optimum current in V coils.
5. E coils balanced with currents in V and H coils those 
obtained in (3) and (4) respectively.
6. Repeated (3) with current in E coils found in (5)*
7* Repeated (4) with current in E coils found in (5)*
8. Repeated (5) with adjusted V and N currents found in (6) and
(7). Stages (6), (7) and (8) were done after the work for
the oven was completed to test for any movement of the coils 
during installation.
Thus the currents in the coils required to null the magnetic 
field in the centre of the oven were found to bes- 
V coils - 92*6 ra A.
N coils - 82*0 m A*
E coils - 0*5 m A.
The calculated and experimentally obtained values for the 
currents agree to 1*50% for the V coils and 0.84% for the N-S 
coils. This is good agreement, and shows the accuracy with which 
the coil systems have been made.
2.5 Detailed Testing of the Residual Field in the Oven. The field 
in the oven was now tested by measuring directions in test specimens 
heated in the oven and cooled with currents in the coils both less 
and more than those previously determined.
2.8
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T h is  method depends  on th e  f a c t  t h a t  specimens  h e a t e d  above 
t h e  C u r ie  P o i n t  o f  t h e  c o n ta i n e d  magnet ic  m i n e r a l s  become demag­
n e t i z e d ,  and i f  they  a r e  th e n  cooled  in  ze ro  magnet ic  f i e l d  the  
d i r e c t i o n s  of m a g n e t i z a t i o n  w i l l  be random, whereas  i f  t h e r e  i s  
a sm al l  r e s i d u a l  f i e l d  t h e  d i r e c t i o n s  w i l l  t e n d  to  be a l i g n e d  
a long  i t .  By t a k i n g  d i r e c t i o n  c o s in e s  i n  t h e  v e r t i c a l ,  n o r t h  and 
e a s t  d i r e c t i o n s  o f  a l l  t h e  t e s t  specimens measured,  g i v i n g  each 
specimen u n i t  w e ig h t ,  i t  i s  p o s s i b l e  by t h e  s ig n  of t h e  r e s u l t a n t  
i n  each d i r e c t i o n  to  f i n d  whether  t h e  c u r r e n t  i n  t h e  c o i l  p a i r  
t e n d i n g  t o  n u l l  t h e  component o f  th e  e a r t h ’ s m agnet ic  f i e l d  in  
t h i s  d i r e c t i o n  i s  too  g r e a t  o r  too  s m a l l .
In p r i n c i p l e ,  s i n c e  ve ry  smal l  i n t e n s i t i e s  can be measured,  
t h i s  method should  y i e l d  r e s u l t s  o f  h ig h  a c c u r a c y .  In  p r a c t i c e  
i t  was found t h a t  t h i s  accu racy  was a f f e c t e d  n o t  only  by 
s t a t i s t i c a l  f l u c t u a t i o n s  i n  specimens bu t  a l s o  by l o c a l  d i s t u r b ­
ances  due ,  in  p a r t i c u l a r ,  to  nearby  t r a f f i c .  The non-m agne t ic  
hut was b u i l t  w e l l  removed from roads  and b u i l d i n g s  bu t  d u r i n g  
re c e n t  b u i l d i n g  c o n s t r u c t i o n  heavy s t e e l  equipment has  been working 
w i th in  200 m e t r e s .  Th is  has  p robab ly  l i m i t e d  th e  accu racy  of th e  
r e s u l t s .
b i g h t  t e s t  ru n s  were made in  which 5, 6 o r  7 spec im ens ,  
p laced  w i th  known o r i e n t a t i o n  in  v a r i o u s  p a r t s  o f  th e  oven, were 
heated  above 565°C, and coo led  in  a magnet ic  f i e l d  t h a t  was the  
v e c t o r  sum of t h a t  due t o  t h e  c u r r e n t s  i n  th e  c o i l s  shown in
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„  , 16-4 16-5
Voltage in mV X5
P i g .  2 .6  D e t a i l e d  te s t in g :  of N c o i l s . The mean n o r t h  
d i r e c t i o n  c o s in e s  ( l )  from h e a te d  specimens a re  p l o t t e d  
as  o r d i n a t e s  a g a i n s t  t h e  back v o l t a g e  due t o  t h e  c u r r e n t  
th ro u g h  th e  N c o i l s  as  a b s c i s s a e .  The c u r r e n t  v a l u e s  
o b t a in e d  by c a l c u l a t i o n  (A C) and p r e l i m i n a r y  t e s t i n g  
( D P * T . )  a re  a l so  shown.
m 0-
•4 mA
Voltage in mV X5
Pig*  2«7 D e t a i l e d  t e s t i n g  of E c o i l s . The mean e a s t  
d i r e c t i o n  c o s in e s  (m) from hea ted  specimens a r e  p l o t t e d  
a s  o r d i n a t e s  a g a i n s t  the  b ack  v o l t a g e  due to  th e  c u r r e n t  
th r o u g h  th e  E c o i l s  a s  a b s c i s s a e .
6 -
,94 8 o
15-1
Voltage in mV X 5
P i g .  2 . 8  D e t a i l e d  t e s t i n g  o f  V c o i l s . The mean upwards 
d i r e c t i o n  c o s i n e s  (n) from heated  specimens are p l o t t e d  
as o r d i n a t e s  a g a i n s t  th e  back v o l t a g e  due to  th e  c u rre n t  
through the  V c o i l s  as  a b s c i s s a e *  The current  v a l u e s  
obta ined  by c a l c u l a t i o n  (/^C) and p re l im in a ry  t e s t i n g  
( P P . T . )  are a l s o  shown.
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Table  2*3 and t h a t  of t h e  e a r t h .  The back v o l t a g e  from th e  
c u r r e n t s  i n  the  c o i l s  was a c c u r a t e l y  measured w i th  a p o t e n t i o m e t e r ,  
and t h e s e  v o l t a g e s  a r e  p l o t t e d  a g a i n s t  t h e  r e s u l t a n t  of the  
d i r e c t i o n  c o s in e s  in t h e  r e l e v e n t  d i r e c t i o n  i n  F ig u r e s  2*6, 2*7, 
and 2.8« The c u r r e n t  t o  which th e  v o l t a g e s  co rrespond  i s  a l s o  
shown a lo n g  the  a b s c i s s a  s c a l e ,  and i t  may be seen t h a t  t h e  
c u r r e n t s  r e q u i r e d  to n u l l  t h e  e a r t h ’ s magnet ic  f i e l d  ag ree  w i th  
t h o s e  found u s in g  the d ip  c i r c l e  and swing ing  magnet to  b e t t e r  
t h a n  2 p e r  c e n t ,  a l though  t h e  s c a t t e r  of  p o i n t s  over  the  r e s t r i c t e d  
range  used  i s  high»
Hence c u r r e n t  v a l u e s  w i t h i n  2 p e r  cen t  of th o se  found above 
were used  i n  ensu ing  th e rm a l  ex p e r im en t s ,  a pp roach ing  t h e  t r u e  
v a l u e s  by s u c c e s s i v e  a p p ro x im a t io n s ,  and whenever a s e t  of  s p e c i ­
mens was hea ted  above t h e i r  C u r ie  P o i n t s ,  d i r e c t i o n  c o s i n e s  were 
o b ta in e d  from them t o  g ive  a d d i t i o n a l  p o i n t s  9 to  15 on F i g u r e s  
2*6, 2*7, and 2 . 8 ,  and Table  2.3*
Over the  smal l  range of f i e l d  v a lu e s  covered  by th e  e x p e r im en t s  
of which r e s u l t s  a re  p l o t t e d  in  th e  f i g u r e s  t h e  g r a d i e n t  o f  t h e  
curve  of r e s u l t a n t  d i r e c t i o n  cos ine  i n  a g iven  d i r e c t i o n  p l o t t e d  
a g a i n s t  th e  c u r r e n t  p ro d u c in g  a f i e l d  in  t h a t  d i r e c t i o n  shou ld  be 
c o n s t a n t ,  and t h e  p o i n t s  l i e  on a s t r a i g h t  l i n e ,  whereas t h e  s c a t t e r  
of p o i n t s  i s  q u i t e  l a r g e .  The reasons  f o r  t h i s  s c a t t e r  a re  t h o u g h t  
t o  b e : -
( l ) S t a t i s t i c a l  s c a t t e r  due to  l a ck  of rand o m iza t io n  i n  smal l  
sample s .
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TABLE 2 . ->
TESTING FIELD FROM DEGAUSSING COILS BY DIRECTIONS IN SPECIMENS
Run D a t e R e g i o n a l  Number
M a g n e t i c  o f
D i s t u r b a n c e  S p e c i m e n s
Temp. 
Reach 
- e d  °C
Back V o l t a g e  from 
C o i l s  X5 millivolts
W E V
1 10 . 6 . 6 0 V .Q . 7 600 1 6 . 8 0 5 . 64A 1 5 . 0 6
2 12 . 8 . 6 0 S . S . 3 363 1 6 . 4 3 0 1 5 - 2 0
3 1 3 . 9 . 6 0 V.Q. 5 565 1 6 . 6 0 0 1 5 . 3 5
4 1 6 . 9 . 6 0 V.Q. 6 565 1 6 . 7 0 0 1 5 . 2 5
5 4 . 1 0 . 6 0 S . S . 6 39O 1 6 . 9 0 2 . 80R 1 5 . 5 5
6 r,_/ • 1 0 . 6 0 S 6 890 1 6 .  0 2 . 0 0 R 1 5 . 4 5
7 6 . 1 0 . 6 0 B . S . 6 390 1 6 . 3 5 4 . 0 0 R 1 5 . 1 5
8 7 . 1 0 . 6 0 B . S . 6 590 1 6 . 8 5 4 . 00R 1 5 . 3 0
oy 3 . 1 1 . 6 0 S . S . 20 605 1 6 . 7 5 5 . 31R 1 5 . 2 5
10 2 4 - 1 1 . 6 0 M 24 600 1 6 . 5 6 0 1 5 . 3 6
11 5 . 7 .6 1 M 12 565 1 6 . 8 0 * 0 1 5 . 3 6
12 7 . 7 .61 M 20 63O I 1 6 . 8 0 * 0 1 5 . 3 6
13 1 4 . 1 1 .6 1 - 23 675 1 6 . 4 7 0 1 5 . 3 6
14 1 3 . 1 2 .6 1 - 26 600 1 6 . 4 7 0 1 5 . 1 0
13 2 3 . 1 . 6 2 - 22 600 1 1 6 . 4 7 0 1 5 . 2 6
* Poor connection is N c i r c u i t  m a k e s  v a l u e  d o u b t f u l
V• Q. = V e r y  Q u i e t ,  M = Moderate, S = storm,
B . S . = Bad storm, S.S. s= Severe storm.
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Current in Coils 
Mi H i  amps
W E
in
V
Äagnitude of Direction co­
sines of resultant of unit 
vectors
1 m n.
82.0 0.5A 92.6 + .21 -.47 -.80
82.0 0 94.0 + . 18 -. 06 -.18
82.6 0 94.6 + .21 + .16 + .20
83.2 0 94.1 -.01 +.34 -.78
84.0 0.25 96.0 -.48 + .41 +. 41
83.8 0.19 95.3 -.07 + .23 + .35
81.2 0.35 93.3 + .57 +.34 -. 66
84.0 0.35 94.5 -.49 + .26 -.77
83.8 0.48 94. 2 -.20 + .45 + .16
82.5 0 95.0 + .19 + .10 + .22
81 .0* 0 95.0 -.11 +.19 -.16
81.5* 0 95.0 + .17 + .01 + .07
82.0 0 95.0 -.04 + .02 + .41
82.0 0 93-0 -.01 -.38 -.74
82.0 0 94.0 -.20 + .12 + .01
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(2) Some r e s i d u a l  NRM in  some specimens which c o n t a i n  a 
m in e r a l  w i th  a C ur ie  P o in t  above t h a t  of t h e  t e m p e r a t u r e  r e a ch e d .
(3 ) F l u c t u a t i o n s  of t h e  e a r t h ’ s m agnet ic  f i e l d  due to  
m agne t ic  s to rm s .  T h i s  source  of  e r r o r  i s  p ro b a b ly  n e g l i g i b l e  
as  t h e r e  a p p ea rs  t o  be no c o r r e l a t i o n  between magnet ic  s torms  
o b se rv ed  a t  T o o l a n g i , in  V i c t o r i a ,  given q u a l i t a t i v e l y  in  
Table  2 . 3» and anomalous r e s u l t s .
(4 ) Local f l u c t u a t i o n s  o f  f i e l d  due to  movement of  i r o n  
o b j e c t s  and g e n e r a t i o n  of l a r g e  e l e c t r i c  c u r r e n t s  both  w i t h i n  and 
o u t s i d e  the  h u t .  The fo rmer  were k e p t  t o  a minimum d u r in g  e x p e r i ­
ments and a re  c o n s id e r e d  to  be n e g l i g i b l e .  The l a t t e r ,  due to  
b u i l d i n g  o p e r a t i o n s  mentioned above, may have been a major  source  
of e r r o r  d u r in g  some runs*
(5) Small  f l u c t u a t i o n s  of c u r r e n t  i n  th e  c o i l s ,  due t o  
v o l t a g e  changes in  t h e  b a t t e r i e s  and t e m p e ra tu re  changes i n  th e  
c o i l s ,  were kep t  t o  a minimum by f r e q u e n t  c u r r e n t  a d ju s t m e n t s .  
However t h e r e  was a sm al l  r e d u c t i o n  i n  th e  r e s i s t a n c e  o f  t h e  c o i l s  
a f t e r  th e  i n s u l a t i n g  j a c k e t  was r a i s e d  and t h e  h e a t  r e l e a s e d :  
t h i s  caused a smal l  i n c r e a s e  in  c u r r e n t ,  main ly  i n  th e  N c o i l s ,
a t  a  t ime when th e  t e m p e ra tu re  of t h e  spec imens was f a l l i n g  
th ro u g h  th e  Curie  P o i n t  o f  t h e i r  main magnet ic  c o n s t i t u e n t ,  which 
may have a c q u i r e d  a d i r e c t i o n  a f f e c t e d  by t h i s  c u r r e n t .
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(6)  The d i r e c t i o n  c o s i n e s  i n  the 3 m u tua l ly  p e r p e n d ic u la r  
d i r e c t i o n s  are n o t  e n t i r e l y  independent ,  and a l a r g e  d i r e c t e d  
component in  one d i r e c t i o n  reduces  the s i z e  o f  the  components i n  
o t h e r  d i r e c t i o n s .  Hence when th e  current in  th e  V and N c o i l s  
were a t  extreme v a l u e s  away from that  required  t o  n u l l  th e  e a r t h ' s  
magnet ic  f i e l d ,  th e  r e s u l t a n t s  i n  the o th er  two d i r e c t i o n s  were 
too  s m a l l .  T h is  f a c t o r  becomes n e g l i g i b l e  as  th e  true  n u l l i n g  
cu rre n t  i s  approached*
(7) In some c a s e s  th e  r e a d in g s  on the p o t e n t io m e t e r  and the  
ammeter d id  not  correspond ( s e e  Table 2«3)» In most c a s e s  d i f f e r ­
en c e s  were 0.1mA or l e s s  and due t o  th e  l i m i t  o f  accu racy  with  
which the  ammeter could  be read,  but the la r g e  d is c r e p a n c y  in  the  
N c o i l s  r e a d i n g s  f o r  runs 11 and 12 were l a t e r  found t o  be due to  
a f a u l t y  c o n n e c t io n  in  the  c i r c u i t  and th e s e  v a l u e s  must be d i s ­
regarded •
D e s p i t e  th e  s c a t t e r  o f  p o i n t s  the r e s u l t s  i n d i c a t e  th a t  th e
n u l l i n g  cu r r e n t  i n  the  V c o i l s  i s  94 . 6 ^ 9 . 5mA and in  the E c o i l s  
+
0 - 0 «4mA« A cu rrent  o f  0»5mA in  t h e  V c o i l s  r e p r e s e n t s  a f i e l d  o f  
2 9 0 ^ in  the  oven and a cu rre n t  o f  0«4mA in  the E c o i l s  r e p r e s e n t s  
a c u r r e n t  o f  2 0 ^ in  t h e  oven«
The f i r s t  10 runs i n d i c a t e  a current  of  82«9-«5mA in  the  
N c o i l s .  Minor r e p a i r s  to  t h e  N e l e c t r i c a l  c i r c u i t ,  in  which i t  
was found t h a t  one j o i n t  had a h igh  v a r i a b l e  r e s i s t a n c e ,  were then
2 . 12
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+made. After repair the required nulling current was 81.9-«5mA*
A current of 0*5mA in the N coils represents a field of 150^ in 
the oven. It appears that some small affect that increased the 
anulling current necessary in the N coils was removed at the time 
of repair, after which the null current agreed very closely with 
that found in the preliminary experiment (82.0raA)*
To test the homogeneity of the field within the oven the 
direction cosines from the specimens of runs 9, 12, 13 and 14 
were separated into vertical and horizontal layers at different 
distances from the centre, and the results of these are given in 
Table 2«4* Differences between directions from these layers and 
the resultant from all specimens is also given so that different 
runs can easily be compared. The number of specimens in each 
layer ranged from 6 to 12 so that considerable statistical varia­
tion will occur. It may be seen that in most cases these 
differences are less than 10 per cent. Differences over 10 per 
cent are underlined, and those over 20 per cent doubly underlined. 
It is clear from underlining on Table 2*4 that departures from the 
mean direction of all specimens occur at random, except that they 
are somewhat less frequent on the bottom layer, and in runs 13 and 
14* This indicates that the magnetic field in the oven under 
operating conditions is homogeneous within the limits available 
from these experiments.
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TABLE 2 .4
TESTING MAG-LET IG FIELD VARIATIONS WITHIN THE OVEN 
Run"
Date
Number o f  spec im ens
Back V o l t ­
age  i n  mV. 
x 5
C u r r e n t  
i n  C o i l s
i n  in. A.
Top
M id d le
Bottom
N o r th
Sou th
E a s t
West
N
E
V
N
E
) V
9 • 9 ■ 9 9
3*11 .60
20
16 .75
5.51
15 .2 5
8 3 . 8
0 .4 8
9 4 . 2
D I D i r .C o s . D i f f .
( + .1 4 - . 0 2
305 +35 ( - . 2 0 0
( + .5 7 + .12
( + .22 + .06
298 + 20 (-.4 3 - . 2 3
(+.34 - . 1 1
( + .0 9 - . 0 7
38 +24 ( + .08 + .28
(+.41 - .  t til
( - . 0 1 - ■ u
91 +34 ( - . 6 0  
( + .5 5
-  .40  
+TTÖ
( + . 2 4 +. Of
319 + 10 ( - . 2 1 - . 0 1
( + . 1 6 - . 2 9
( + .29 + n ü
343 + 27 ( - . 0 6  
(+.  46
+ .1 . 
+.01
( + . 0 6 - . 1 0
72 + 25 ( + . 2 0
( + . 4 2
+ .lj-0
A l l
Spec im ens 38
D i f f .  i s  t h e  d i f f e r e n c e  Be tw een  t h e  r e s u l t a n t  from each  
l a y e r  and  t h a t  from a l l  t h e  s p e c im e n s .
*These  v a l u e s  a r e  u n r e l i a b l e  due  t o  a l o o s e  c o n n e c t i o n  
i n  t h e  c i r c u i t .
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12 12 13 13 14 14
7 .7 . 6 1 14 .11•61 1 3 .1 2 .6 1
20 23 26
16.80* 1 6 .4 7 16 .4 7
0 0 0
15 .3 6 15 .3 6 15 .1 0
81 .5* 8 2 .0 8 2 .0
0 0 0
9 5 .0 9 5 .0 9 3 .0
D i r . Cos. D i f f . D i r . Cos. D i f f . D i r . O o s • D i f f .
+ . 14 + .07 - . 0 7 - . 0 3 - . 0 4 - . 0 3
+ .02 - . 1 5 - . 0 6 - . 0 8 - . 5 9 - . 2 1
- . 1 3 - . 1 4 + .31 -..10 - . 6 7 ?TTT7
- . 1 9 - . 2 6 + .18 + .22 + .17 + .18
+ .01 + .1 9 +7T7 - . 3 3 + .0 5
+ .22 + .21 + .2 2 7J.JL2, - . 8 3 - . 0 9
+ .07 0 - . 0 4 0 - . 0 1 0
+ .17 0 + .0 2 0 - . 3 8 0
+ .01 0 + .41 0 - . 7 4 0
+ .36 + .2% - . 0 7 - . 0 3 - . 0 9 - . 0 8
+ .3 5 +TTs + .11 + .09 - . 3 3 + .0 5
- . 0 3 - . 0 4 + .3 2 - . 0 9 - . 6 2 + .1 2
- . 2 9 - . 3 6 - . 1 3 - . 0 9 - . 0 5 - . 0 4
+ .2 4 + .U ( + .0 4 + .02 - . 3 3 + .0 5
+ .17 + ._l6 + .5 5 +«14 - . 8 3 - . 0 9
+ . 10 + .03 - . 1 6 - . 1 2 + .11 + .12
+ .10 - . 0 7 - . 0 2 - . 0 4 - . 3 0 + .08
+ .48 + .47 + .5 4 + .13 - . 8 1 - . 0 7
.00 - . 0 7 - . 1 1 - . 0 7 - . 1 1 - . 1 0
+ .30 + i H - . 0 7 - . 0 9 - . 4 9 - . 1 1
- . 3 7 - . 3 8 + .4 5 + .0 4 - . 6 3 + .11
+ .0 7 - . 0 4 - . 0 1
+ .17 + .0 2 - . 3 8
+ .01 + • 41 - . 7 4
71
2»6 C o n c l u s io n s . The method of  u s i n g  rand o m iza t io n  of d i r e c t i o n s  
o f  specimens  i n  t h e  oven to  de te rm ine  t h e  c u r r e n t s  n e c e s s a r y  i n  the  
c o i l s  i s  very  a c c u r a t e ,  b u t  i t  i s  s e n s i t i v e  to  e x t e r n a l  i n f l u e n c e s .  
The d i f f e r e n c e  between th e  c u r r e n t  r e q u i r e d  i n  th e  V c o i l s  found 
e x p e r i m e n t a l l y  u s i n g  a d ip  c i r c l e  (92.6mA), and u s i n g  d i r e c t i o n s  
from specimens (94*6mA), i s  p ro b ab ly  due bo th  t o  s c a t t e r  i n  th e  
l a t t e r  caused by l o c a l  d i s t u r b a n c e s ,  and t o  s t i c k i n g  of th e  n e e d le  
o f  th e  d ip  c i r c l e  due t o  worn p i v o t s .  The agreement f o r  t h e  N c o i l s  
i s  e x c e l l e n t .  The square  c o i l s  a re  ve ry  s a t i s f a c t o r y  i n  t h a t  th e y  
p r o v id e  a homogeneous magnet ic  f i e l d  o f  l e s s  than  100 if w i t h i n  th e  
oven, p ro v id ed  o p e r a t i n g  c o n d i t i o n s  a r e  s u i t a b l e .
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CHAPTER 3» RECONNAISSANCE SURVEYS.
3.1 R e q u i r e m e n t s . Although a r e c o n n a i s s a n c e  survey does no t  
m a t e r i a l l y  add to  t h e  s c i e n t i f i c  r e s u l t s ,  i t  forms an e s s e n t i a l  
p r e l i m i n a r y  s in c e  i t  i s  only  a f t e r  a su rv ey  of t h i s  ty p e  t h a t  
ro ck s  s u i t a b l e  f o r  more d e t a i l e d  s t u d i e s  can be found.
To s tu d y  t h e  e a r t h ’s magnet ic  f i e l d  i n  a p re v io u s  epoch from 
t h e  d i r e c t i o n  of NRM of a rock body i t  i s  n e c e s s a r y  to  know a s  f a r  
a s  p o s s i b l e  bo th  t h e  t ime of fo rm a t io n  of t h e  body and a l s o  t h a t  
t h e  measured d i r e c t i o n  of m a g n e t i z a t i o n  was t h a t  o f  th e  f i e l d  a t  
t h e  t ime of  f o r m a t i o n .  Both t h e s e  r e q u i r e m e n t s  impose s ev e re  
l i m i t a t i o n s  on s u i t a b l e  r o c k s .  The age r e s t r i c t i o n  l i m i t s  
c o l l e c t i o n  e i t h e r  to  rocks  i n  sed im en ta ry  sequences ,  o r  t o  ro c k s  
t h a t  may be d a te d  by r a d i o - i s o t o p e  methods.  The m a g n e t i z a t i o n  
r e s t r i c t i o n  e l i m i n a t e s  a l l  r o c k s ,  such a s  most l im e s to n e s  and many 
s h a l e s  and g r a n i t e s ,  too  weakly m agne t ized .  Weathered rock a l s o  
i s  u n s u i t a b l e  because  of a l t e r a t i o n  of t h e  f e r r i m a g n e t i c  m i n e r a l s .  
Metamorphic ro c k s ,  t o o ,  should  be avo ided  s i n c e  we do n o t  know the  
e f f e c t  on m a g n e t i z a t i o n  d i r e c t i o n s  of a complex s t r e s s  h i s t o r y  o r  
t h e  chemica l  changes  t h a t  may have o ccu r red  a t  unknown t i m e s .
The s u i t a b i l i t y  of ro ck s  may be t e s t e d  by e x p e r im e n t a l  and 
s t a t i s t i c a l  a n a l y s i s  of r e s u l t s .  Most r e g i o n s  have been bu t  l i t t l e  
s t u d i e d  p a l a e o m a g n e t i c a l l y , so t h a t  i t  i s  n e c e s s a r y ,  when embarking 
on a s tudy  such a s  t h i s ,  t o  c o l l e c t  from a wide v a r i e t y  of rock
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bodies in order to obtain some knowledge of what are likely to be 
useful and interesting rock types. This was done and Figure 3*1 
shows the locality of each rock body sampled* This chapter briefly 
describes the work that has been done in outline on rock bodies.
Those studied in detail are described in the succeeding chapters.
3*2 Mount Isa Granites. Two or three oriented samples from 
numerous Pre-Cambrian granite masses that intrude the Pre-Cambrian 
belt that crops out between Duchess and the Nicholson River in 
Western Queensland were collected by a Bureau of Mineral Resources 
survey party collecting granite for age determination. The idea 
was to measure ages and magnetization directions from the same 
place. Directions from 113 specimens cut from these samples were 
measured, but the results were lost in the fire in the Cockcroft 
building of the Australian National University on July 6th I960.
From memory it can be said that very high intensities at some sites 
suggested lightening strikes (Graham 1961, Cox 1961), whereas the 
magnetization in some specimens was less than 10 e.m.u./cc and 
could not be measured. Directions of magnetization were widely 
scattered at all sites, and after the initial setback it was not 
considered worthwhile to treat them further.
3*3 Murrumbidgee Bathylith* This concordant granitic mass elongated 
meridionally has been examined by Snelling (i960) and divided into 
nine petrologically distinct phases. In common with most concordant
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g r a n i t e s  i t s  t h e rm a l  and s t r e s s  h i s t o r y  may be complex, c o m p l i c a t i n g
th e  i n t e r p r e t a t i o n  o f  p a lae o m a g n e t i c  r e s u l t s .  Of 63 samples  
measured,  t a k e n  from 11 s i t e s  in  t h r e e  p e t r o l o g i c a l  ph ase s  of th e  
b a t h y l i t h ,  20 had i n t e n s i t i e s  <^10 e . m . u . / c c  and cou ld  n o t  be 
measured and 8 o t h e r s  had i n t e n s i t i e s  a t  t h e  low er  l i m i t  of t h e  
range  of  ou r  i n s t r u m e n t .  The d i r e c t i o n s  o b t a in e d  in  t h e  re m a in in g  
samples  gave low d ip s  to  t h e  n o r t h - w e s t ,  w ide ly  s c a t t e r e d  about a 
d i r e c t i o n  t h a t  has  been  o b ta in e d  from Devonian l a v a s  and sed im en ts  
nearby  (Green 1959);  th e y  a r e  s t a b l e  in  t h e  p r e s e n t  e a r t h ' s  f i e l d .  
These f i g u r e s  a re  t a k e n  from an annual r e p o r t ,  as  the  r e s u l t s  were 
b u r n t  in  th e  C o ck c ro f t  B u i l d i n g  f i r e .  Because of low i n t e n s i t i e s  
and s c a t t e r e d  d i r e c t i o n s  th e y  were no t  pursued*
5*4 F e l s i t e  from Queensland  U n i v e r s i t y  Mine. Three samples  were 
c o l l e c t e d  from t h e  2 4 0 f t .  l e v e l  of the  mine where t h e  v e r t i c a l  
f e l s i t e  dyke i s  15 f e e t  wide .  The dyke c o n t a i n s  s i l v e r - l e a d  
m i n e r a l i z a t i o n ,  b e l i e v e d  t o  be a l a t e  s t a g e  i n  t h e  c o n s o l i d a t i o n  
of t h e  f e l s i t e ,  and i t  was hoped t o  o b t a i n  a l e a d  age from t h i  s.
The f e l s i t e ,  however,  a p p e a r s  to  c o n ta i n  v i r t u a l l y  no magnet ic  
m in e r a l ,  and th e  on ly  specimen t h a t  d e f l e c t e d  th e  magnetometer 
had an i n t e n s i t y  of 0 .5x10 ^ e . m . u . / c c  so t h a t  t h e  rock was n o t  
s u i t a b l e  f o r  m agne t ic  s^udy.
3_y5. Enog e ra  G r a n i t e . Two specimens were c u t  from each of t h r e e  
samples t a k en  from t h e  g r a n i t e  a g g re g a te  q u a r r y  a t  S t .  J o h n ' s  Wood, 
a B r i sb an e  su b u rb .  The NRM d i r e c t i o n s ,  and a l s o  t h o s e  a f t e r  p a r t i a l
3*3

F i g .  3*2 D i r e c t i o n s  o f  rem anen t  m a g n e t i z a t i o n  f rom t h e  C o le s  Bay 
Gjrai i^te.  On t h i s ,  and a l l  s u b s e q u e n t  f i g u r e s ,  n o r t h - s e e k i n g  
d i r e c t i o n s  a r e  p l o t t e d  a s  c i r c l e s  on t h e  u p p e r  h e m is p h e r e  and 
d o t s  on t h e  l o w e r  h e m is p h e re  o f  a  S chm id t  e q u a l  a r e a  p r o j e c t i o n .
D d e n o t e s  t h e  d i p o l e  f i e l d  d i r e c t i o n ,  and P t h a t  o f  t h e  p r e s e n t  
f i e l d .  0 = i n i t i a l  d i r e c t i o n s ,  Q  = d i r e c t i o n s  a f t e r  m a g n e t i c  c l e a n ­
i n g  i n  T50 o e r s t e d s ,  &  = d i r e c t i o n s  a f t e r  m a g n e t i c  c l e a n i n g  i n  
3 0 0  o e r s t e d s ,  and V  = d i r e c t i o n s  a f t e r  m a g n e t i c  c l e a n i n g  i n  450 
o e r s t e d s .
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d e m a g n e t i z a t i o n  i n  150 and 300 o e r s t e d s  a l t e r n a t i n g  f i e l d ,  were 
random a t  P=0 .05 ,  (see  Appendix 3*1) hence t h e  rock  was u n s u i t a b l e  
f o r  p a lae o m a g n e t i c  work.
3»6 C oles  Bay G r a n i t e . E ig h t  spec imens c u t  from two samples o f  
Coles  Bay G r a n i t e ,  c o l l e c t e d  by P«M* S t o t t  from a q u a r ry  on th e  
n o r t h - e a s t  c o a s t  of  Tasmania gave a t i g h t  group w i th  s t ee p  n e g a t i v e  
i n c l i n a t i o n ,  t h a t  was no t  a p p r e c i a b l y  a f f e c t e d  by magnet ic  c l e a n i n g  
i n  150 o e r s t e d s  (F ig u re  3*2) .  One specimen was s u b j e c t e d  to  
a l t e r n a t i n g  f i e l d s  of 300 and 450 o e r s t e d s  and changes  both  of  
d i r e c t i o n  and i n t e n s i t y  remained sm al l  (see  Appendix 3*2) .  This  
g r a n i t e  i s  c o n s id e r e d  on g e o l o g i c a l  ev idence  to  be of  p o s t - S i l u r i a n  
and p re -P e rm ia n ,  p ro b a b ly  Devonian age (Walker 1957 and p e r s o n a l  
communication) ,  whereas  the  d i r e c t i o n s  o f  m a g n e t i z a t i o n  su g g es t  a 
Mesozoic age .  Could o u r  specimens have been r e h e a t e d  by more r e c e n t  
d o l e r i t e ?  More samples  from more s i t e s  would be n e c e s s a r y  t o  t e s t  
t h i s  p o s s i b i l i t y  and i n a c c e s s i b i l i t y  from C anbe r ra  i n h i b i t e d  f u r t h e r  
c o l l e c t i o n .  U n f o r t u n a t e l y  a l t e r a t i o n  of t h e  b i o t i t e  made K-Ar 
i s o t o p e  age d e t e r m i n a t i o n  im p o s s ib le  (McDougall p e r s o n a l  communica­
t i o n ) .  These p r e l i m i n a r y  r e s u l t s ,  however,  i n d i c a t e  t h a t  the  
m a g n e t i z a t i o n  i s  a s t a b l e  one,  and t h a t  more d e t a i l e d  pa laeo m ag n e t ic  
sampl ing  of t h i s  g r a n i t e ,  p e rh a p s  i n  c o n ju n c t io n  w i th  t o t a l  rock 
Rb-Sr  age d e t e r m i n a t i o n ,  would be wel l  worth  w h i l e .
3 .4
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Fig. 3*3 Directions of remanent magnetization from the Painter 
Porphyry at Mount Stromlo. Conventions as in Fig. 3*2. GB 
denotes mean of Green's (1959) results with respect to the 
bedding, and GH represents the mean of his results with 
respect to the horizontal.
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5*7. P a i n t e r  P o r p h y r y . Three samples  were t ak en  from t h e  p i t  
e x ca v a ted  n e a r  t h e  summit o f  Mount S tromlo  d u r in g  t h e  i n s t a l l a t i o n  
o f  a new i n s t r u m e n t .  The po rphyry  i s  o f  Upper S i l u r i a n  o r  Lower 
Devonian age (Opik 1958),  and has  been  sampled e lsew here  by Green 
( 1959)* I t s  a t t i t u d e  in  t h i s  l o c a l i t y  i s  u n c e r t a i n .  The d i r e c t i o n s  
o f  NRM (Appendix 3*3) show a moderate s c a t t e r  t h a t  i s  reduced  by 
magnet ic  c l e a n i n g  in  150 o e r s t e d s ,  and t h e r e  i s  a f u r t h e r  improvement 
in  p r e c i s i o n  a f t e r  t r e a t m e n t  in  300 o e r s t e d s .  The g ro u p in g  a f t e r  
magnet ic  c l e a n i n g  in  300 o e r s t e d s ,  i n  a d i r e c t i o n  w e l l  removed from 
t h a t  of  th e  p r e s e n t  f i e l d ,  s u g g e s t s  t h a t  t h i s  may be a s t a b l e  
d i r e c t i o n ,  bu t  t h e  mean i s  some 70° of  a r c  away from G r e e n ' s  bedding  
wise mean, a l th o u g h  i t  i s  much c l o s e r  to  h i s  h o r i z o n t a l  wise mean 
( f i g u r e  3 * 3 ) .  In  view of p o s s i b l e  u n d e t e c t e d  movement a f t e r  
emplacement more work was no t  done on t h i s  body.
— Murrumbu r r a h  Bas ic  R o ck s . Pour  samples  from a q u a r ry  in  a 
l e u c i t e  b a s a l t  p lug  about a mi le  e a s t  of Murrumburrah,  and two from 
;' rle i n t r u d e d  g r a n i x e ,  gave random NRM d i r e c t i o n s  as  shown i n  
Appendix 3 -4 ,  and th e  d i r e c t i o n s  remained random in  th e  b a s a l t  
specimens a f t e r  magnet ic  c l e a n i n g  in  75 and 150 o e r s t e d s .  The b a s a l t  
c o n ta in ed  x e n o c r y s t s  and x e n o l i t h s  of e c l o g i t e ,  and i t  was hoped to
p u ' age l i m i t s  on t h e i n t r u s i o n  from th e  m a g n e t i z a t i o n  d i r e c t i o n s ,  
out u n f o r t u n a t e l y  they proved u n s u i t a b l e .
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P i g .  3.4  Di r e c t i o n s  o f  remanent m a g n e t i z a t io n  from the Ruby
H i l l  b a s a n i t e . C onvent ions  as  i n  Pig» 3»2
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3«9 Eucumbene-Tumut Tunnel and Cabramurra B a s a l t s « Dr*s Lover ing  
and McDougall c o l l e c t e d  two o r i e n t e d  samples  from the  Snowy Mountains  
Scheme Eucumbene-Tumut Tunnel and two samples  from th e  b a s a l t  quarry  
a t  Cabramurra* The NRM d i r e c t i o n s  were l o s t  i n  the  f i r e  p r e v i o u s l y  
a l l u d e d  to  but t h o s e  from the  tu n n e l  were random and th e  d i r e c t i o n s  
from Cabramurra were w id e ly  s c a t t e r e d  and i t  was not  thought  worth  
w h i l e  to  do s t a b i l i t y  work on them.
3*10 R u b y-H i l l  B a s a n i t e . Three samples  taken  by G-. H al ford  from 
a b a s a n i t e  dyke c u t t i n g  a b r e c c i a  p ip e  12 m i l e s  sou th  o f  B in g er a ,  
were used  to compare t h e i r  c h a r a c t e r i s t i c s  during p a r t i a l  d em agnet iza ­
t i o n  i n  a l t e r n a t i n g  magnet ic  f i e l d s  w ith  th o se  from Mount Dromedary 
s i t e s .  The dyke c o n ta in e d  e c l o g i t e  and g r a n u l i t e  i n c l u s i o n s  and i s  
of i n t e r e s t  in  mantle s t u d i e s *  The NRM d i r e c t i o n s  ( s e e  Appendix 3*5 
and F ig u r e  3*4) were m oderate ly  s c a t t e r e d ,  and f o u r  spec im ens  were 
p a r t i a l l y  demagnet ized in  s u c c e s s i v e  a l t e r n a t i n g  f i e l d s  of  37 ,  7 5 ,
1‘30 , 225> 300 and 450 o e r s t e d s .  A n a l y s i s  of  th e s e  d i r e c t i o n s  
(Table 3*1) showed t h a t  the l e a s t  s c a t t e r  occurred  a f t e r  t r ea tm en t  
i n  a f i e l d  of  150 o e r s t e d s .  I t  i s  a l s o  e v i d e n t  t h a t  a f t e r  c l e a n i n g  
i n  each h ig h e r  f i e l d  up to  t h i s  va lu e  the  mean d i r e c t i o n  i s  moved 
f u r t h e r  away from th e  p resen t  and d i p o l e  f i e l d  p o s i t i o n s ,  whereas  
a f t e r  c l e a n i n g  i n  f i e l d s  g r e a t e r  than 150 o e r s t e d s  t h e  mean d i r e c t i o n  
i s  s e n s i b l y  c o n s ta n t  but the  s c a t t e r  i n c r e a s e s .  This i s  i n t e r p r e t e d  
as  b e i n g  due to  the  removal o f  a secondary  component t h a t  i s  s e n s i b l y  
removed by p a r t i a l  d e m a g n e t iz a t io n  in  an a l t e r n a t i n g  f i e l d  of  150
3*6
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TABLE 3.1
RUBY HILL ALTERNATING MAGNETIC FIELD CLEANING
H ^  P
of 4 Specimens at the 
D I
1S Level* 
R a
0 350 -63 3.914 15*8
37 341 -70 3.926 14.6
75 332 -71 3.933 13*9
150 312 -75 3.942 12.9
225 314 -70 3.943 12.8
300 304 -77 3.921 15*1
450 327 -73 3.825 22.8
Hp /n/ is the peak value of the alternating magnetic field.
D is the declination measured clockwise from true North.
I_ is the inclination measured positively downwards from the 
horizontal plane.
R is the length of the resultant of the 4 unit vectors, 
a is the semi-angle of the cone of confidence about the mean 
direction within which the true mean direction lies with a
probability P = 0.95
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o e r s t e d s ;  i n  h i g h e r  f i e l d s  t h e  p r im ary  component i s  a l s o  reduced  
to  such an e x t e n t  t h a t  random d i r e c t i o n s  form a s i g n i f i c a n t  p r o ­
p o r t i o n  of t h e  d i r e c t i o n  measured.  Thus t h e s e  r e s u l t s  su g g es t  
t h a t  minimum d i s p e r s i o n  of d i r e c t i o n s  from a group of specimens 
from t h e  same s i t e  i s  a good c r i t e r i a n  f o r  t h e  removal of  secondary  
components .  The p o le  p o s i t i o n  c a l c u l a t e d  from r e s u l t s  a f t e r  t r e a t ­
ment i n  150 o e r s t e d s  i s  (4 9S• ,  190E.) and by compar ison w i th  po le  
p o s i t i o n s  from rocks  o f  known age ( see  F i g u r e  11 *1) s u g g e s t s  a p r e -  
T e r t i a r y ,  p o s s i b l y  Mesozoic age .
3*11 Moruva G r a n o d i o r i t e  i n c l u d i n g  K e l ly * s  P o i n t . The Moruya 
g r a n o d i o r i t e  fo rms  a n o r t h  by west  t r e n d i n g  b e l t  5*6kra wide with  
t h e  township  o f  Moruya n e a r  t h e  c e n t r e *  I t  i s  c o n s id e re d  t o  be of 
Devonian age (Brown 1928).  The i n t r u s i o n  c o n s i s t s  o f  b i o t i t e -  
g r a n i t e  in  t h e  n o r t h ,  g r a n o d i o r i t e  i n  t h e  c e n t r e ,  w i th  d i o r i t e  and 
g a b b ro ic  p h a se s  i n  t h e  s o u t h - e a s t .  NRM d i r e c t i o n s ,  l o s t  i n  t h e  f i r e  
ment ioned  p r e v i o u s l y ,  from 2 s i t e s  i n  th e  g r a n o d i o r i t e ,  a b u i l d i n g -  
s to n e  q u a r ry  2 m i le s  e a s t - n o r t h - e a s t  of Moruya, and a road c u t t i n g  
3 m i le s  s o u t h - s o u t h - e a s t  of the  tow nsh ip ,  gave random d i r e c t i o n s  
and t h e s e  s i t e s  a r e  n o t  c o n s id e re d  f u r t h e r *
At K e l l y ' s  P o i n t ,  t h e  most e a s t e r l y  o u tc ro p  of t h e  b e l t ,  
g a b b ro ic  and t o n a l i t i c  ph ase s  have been i n t r u d e d  by 6 dykes* In  
p l a c e s  t h e  ph a se s  have sh a rp  b o u n d a r i e s ,  bu t  e l sew here  t h e r e  i s  
h y b r i d i z a t i o n *  NRM d i r e c t i o n s  from 20 samples t a k e n  from each 
dyke, th e  g a b b r o i c ,  t o n a l i t i c  and h y b r id  zones  were l o s t  i n  th e
3*7
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C o ck c ro f t  B u i ld in g  f i r e *  Reraeasurement showed t h a t  most of t h e s e  
were w ide ly  s c a t t e r e d ,  see Appendix 3*6, hu t  d i r e c t i o n s  from two 
of  th e  b a s a l t  dykes were c lo s e  t o  t h e  p r e s e n t  f i e l d ,  and one dyke, 
which c o n ta in e d  g a r n e t ,  pyroxene ,  and b a s i c  f e l s p a r  i n c l u s i o n s ,  gave 
a d i r e c t i o n  wi th  low d i p s  to  t h e  n o r t h - w e s t ,  which s u g g es t  a p r e -  
T e r t i a r y ,  p o s s i b l y  Devonian age* The r e s u l t s  a r e  s u g g e s t i v e  of 
p a r t i a l  s t a b i l i t y ,  so t h a t  spec imens might we l l  respond to  magnet ic  
c l e a n i n g ,  a t r e a t m e n t  i n h i b i t e d  by l a c k  of time*
3*12 F u r t h e r  Rock Bodies  Sampled and L a t e r  S tu d ied  i n  D e t a i l * The 
Mount Dromedary i n t r u s i v e  complex com pr ises  a wide p e t r o l o g i c a l  
v a r i e t y  of p l u t o n i c  and hypabyssa l  r o c k s ,  and sed im en ts  baked by 
t h e  i n t r u s i o n s ,  which d i s p l a y  a wide range of magnet ic  p r o p e r t i e s *
The s t a b i l i t y  of t h e  m a g n e t i z a t io n  d i r e c t i o n s  from t h e s e  ro c k s  have 
been t e s t e d  b o th  by a l t e r n a t i n g  magnet ic  f i e l d  and th e rm a l  means, 
and t h e s e  methods have been compared in  c h a p t e r  4* This  compar ison 
i s  c o n s id e re d  to  s u p p o r t  the  v a l i d i t y  of s t a b i l i t y  t e s t s  and c l e a n i n g  
t e c h n i q u e s  performed on o t h e r  r o c k s .
Specimens c o l l e c t e d  by Boesen from th e  G ingenbu l len  D o l e r i t e ,  
t h e  P r o s p e c t  D o l e r i t e  and th e  G i b r a l t a r  S y e n i t e ,  3 smal l  i n t r u s i v e  
b o d ie s  i n  New South  Wales, I  t e s t e d  f o r  s t a b i l i t y  and t h e  r e s u l t s  
a r e  g iven  i n  c h a p t e r  7*
The s t a b i l i t y  o f  th e  p a lae o m a g n e t ic  d i r e c t i o n s  of t h e  Monzonite 
Porphyry  a t  M i l to n ,  i n  New South Wales,  t h e  i n t r u s i v e  complex a t  
Noosa Heads i n  Q ueens land ,  and t h e  Cygnet A lk a l in e  Complex in
3*8
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Tasmania a re  d i s c u s s e d  i n  c h a p t e r s  6, 8 and 9 r e s p e c t i v e l y *
These r o c k s ,  as a l s o  t h o s e  from Mount Dromedary and th e  3 i n t r u s i v e  
b o d ie s  mentioned above,  c o n ta i n  m in e ra l s  s u i t a b l e  f o r  K-A i s o t o p e  
age d e t e r m i n a t i o n  * The B r i s b a n e  Tuff has good s t r a t i g r a p h i c  
c o n t r o l ,  and i t s  m a g n e t i z a t i o n  forms the  s u b j e c t  m a t t e r  of  c h a p t e r  5* 
The age o f  t h e  T e r t i a r y  igneous  rocks  of s o u t h - e a s t  Queensland 
i s  n o t  a c c u r a t e l y  known, and an a t tem p t  i s  made in  c h a p t e r  10 to  
r e l a t e  t h e  d i r e c t i o n s  from e x t r u s i v e  and i n t r u s i v e  groups  w i th  t h o s e  
o f  T e r t i a r y  v o l c a n i c  ro ck s  of known age in  V i c t o r i a ,  and hence 
improve our  knowledge of t h e  age r e l a t i o n s h i p s  of t h e  Queensland 
ro c k s ,  which i t  has no t  been  p o s s i b l e  to  do by any o t h e r  means*
3*9
P i g .  4*1 Look ing  e a s t  f rom  n e a r  summit o f  Mount Drom edary , 
showing t h e  s u r f a c e  e x p r e s s i o n  of  t h e  r o c k  t y p e s .
8 V
CHAPTER 4. MOUNT DROMEDARY INTRUSIVE COMPLEX 
4*1 Introduction« Detailed palae(magnetic work was done on rocks 
from Mount Dromedary for 2 reasons. Firstly the rock was compre­
hensively dated by K-A radio-isotope methods and proved to have 
formed in an epoch from which results are scarce and in which 
interest is high (see chapter 11), so that a precise result is of 
great value* Secondly the wide variety of rock types was very 
suitable for testing the various laboratory techniques, enabling 
the use of them on specimens from other rock bodies with greater 
discrimination.
4»2 Geology. The igneous rocks of the Mount Dromedary region, 
on the New South Wales coast 380km by road south of Sydney, are 
intrusive into isoclinally folded Lower Palaeozoic sediments.
Brown (1930) tentatively concluded that the intrusion had a lac- 
colithic form and that the variety of rock types was formed by 
differentiation i_n situ. The plutonic rocks range from adamellite,
through monzonite and shonkinite to pyroxenite and associated with 
them are dykes of aplite, lamprophyre and dolerite* Figure 4*1 
shows the topography formed by the intrusion, which yields rich 
dairy country in contrast to the sparsely populated sediments*
The intruded sediments have been affected by the intruding material 
both by thermal and metasomatic alteration. A recent suggestion by 
Joplin (1962) has modified Brown's interpretation, but there is no 
evidence of tilting since emplacement. Results of petrological
4*1
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Pig. 4*3 Directions of remanent magnetization from Mount 
Dromedary« North-seeking directions are plotted as open 
circles on the upper hemisphere, and dots on the lower hemi­
sphere of a Schmidt equal area projection. The present (p) 
and dipole (d ) field directions are given. Diagrams (a) and 
(c) show the initial directions from specimens that were 
later treated by alternating magnetic fields and by heating 
respectively yielding the directions of diagrams (b) and
(a).
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e x a m in a t io n  of t h i n  s e c t i o n s  from each sampl ing  s i t e  a r e  g iv e n  in  
Appendix 4*5«
The age of t h e  i n t r u s i o n  was c o n s i d e r e d  to  be Permian on th e  
g rounds  t h a t  th e  ro c k s  were p e t r o l o g i c a l l y  r e l a t e d  t o  l a v a s  o f  
known Permian age f u r t h e r  n o r t h  on t h e  I l l a w a r r a  coas t«  More 
r e c e n t l y  K-A i s o to p e  age d e t e r m i n a t i o n s  on b i o t i t e s  (Evemden and 
R ic h a r d s  1962),  ho rnb lende  and pyroxene from monzonite ,  s h o n k i n i t e  
and p y r o x e n i t e  gave a s m a l l  s c a t t e r  about  90 m.y.  which p l a c e s  the  
i n t r u s i o n  a t  th e  top  of  t h e  Cenomanian,  i n  t h e  uppe r  p a r t  of t h e  
Lower Cre taceous  Pe r iod«  Samples were o b t a i n e d  from t h e  majo r  rock 
t y p e s  and from th e  c o u n t ry  rock h e a t e d  by t h e i r  i n t r u s i o n .  Sampling 
s i t e s  a re  shown on t h e  g e o l o g i c a l  s k e t c h  map of F i g u r e  4 « 2 (m odif ied  
a f t e r  I . Brown)«
4*3 Sampling and R e s u l t s . O r ie n te d  samples  were c o l l e c t e d  from 
28 s i t e s .  At 3 s i t e s  (B1, B2 and B6) t h e  d i r e c t i o n s  of NRM were 
random and remained random a f t e r  p a r t i a l  d e m a g n e t i z a t i o n .  At 
s i t e s  B4 and G-2 only  one sample could  be o b ta in e d  and th e y  a r e  no t  
c o n s id e re d  f u r t h e r .  The d i r e c t i o n s  a t  s i t e  E1 were r e v e r s e d  and 
showed c u r io u s  magnetic  p r o p e r t i e s  which a r e  d e s c r i b e d  in  s e c t i o n  4«8. 
R e s u l t s  from t h e  rem ain ing  22 s i t e s  a r e  l i s t e d  i n  Table 4«1 and 
specimen d i r e c t i o n s  p l o t t e d  i n  F ig u r e  4*3» The s i t e s  have been 
grouped i n t o  rock  t y p e s  u s in g  Brown’ s u n i t s  supplemented by 
p e t r o l o g i c a l  exam ina t ion  o f  t h i n  s e c t i o n s  from each s i t e .
4*2
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TABLE 4.1
MOUNT DROMEDARY SITE. DIRECTIONS AND INTENSITIES
LOCATION M M-*n “0
Rock Type Site S N D I R
B3 3 4 240 -81 3-83 *44
Adamellite 3 4 304 -80 3.85 *31
(Banatite) B5 3 4 109 -45 3.78 *23
3 4 106 -44 3-43 .17
A1 3 4 13 -70 3.96 1.6
Coarse 2 2* 142 -53 1.93 1.1
Monzonite A2 2 4 330 -80 3.81 .85
2 4 320 -67 3.94 .58
S2 3 4 330 -47 3.94 .20
Even 3 4 328 -43 3-99 .24
Monzonite S3 2 4 351 -69 3-96 2.7
2 4 347 -69 3-96 2.8
01 2 4 9 -74 3.98 2.8
2 4 25 -72 3.93 2.9
Olivine 02 2 4 342 -72 3.81 2.3
Monzonite 2 4 341 -62 3.77 4.2
03 2 4 13 -70 3.98 5.1
1 2 33 -69 1*99 5.6
OalDDro Cl 3 4 24 -82 3.96 5.5
2 4 22 -84 3*99 7.2
S1 3 4 66 -25 1.57 .74
3 4 146 -23 3*25 .96
S2 4 8 252 -83 6.59 2. 2Shonkinite 4 4 248 -59 2.99 2.2
S3 2 4 56 -62 3*99 . 46
4 4 303 -69 2.38 . 46
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TREATMENT
—  M
D I R M—0
A .P . 300 89 -8 5 3 .8 2 .09
TH. 465 282 -5 9 3 .5 7 .3 2
A .P . 150 118 -6 2 3-54 .17
t h . 450 126 -3 9 3-58 .38
A .P . 225 12 -6 9 3 .9 5 .27
t h . 380 134 -7 0 3 .6 8 .38
A .P . 225 27 -7 8 3 .9 5 .1 3
TH. 305 340 -6 8 3 .8 9 • 66
A .P . 223 35 -6 4 2 .66 .2 9
TH. 201 326 -5 0 3 .9 3 .81
A. F. 225 338 - 7 4 3 .9 5 .18
TH. 256 339 -7 7 3 .9 7 .7 4
A .P . 75 23 -7 9 3 .9 8 .57
TH. 380 33 -8 0 3 .9 5 .82
A.P. 150 348 -7 8 3-89 .2 3
TH. 256 351 -7 8 3.91 .48
A. F. 225 77 -8 2 3 .9 9 .19
TIi. 450 26 -8 3 1 .99 1 .0 3
A.P. 150 3 -7 7 3 .9 8 .2 4
TH. 380 42 -8 0 3 .9 9 .30
A.P. 225 2 -7 5 3 .9 3 .20
TH. 490 122 -6 0 3 .5 2 .42
A. P. 150 349 -8 3 7 -7 4 .11
TH. 450 245 -7 4 3 -24 .49
A.P. 450 65 -7 0 3 .9 9 .18
TH. 450 284 -7 8 3 .4 4 .3 2
-
* .
TABLE 4 .1  c o n t in u e d
LOCATION 
Rock Type S i t e s N D I R
M
— 0
P1 3 4 93 -8 7 3 .5 0 6 .2
3 4 89 -5 5 3 -4 3 12 .0
P2 2 4 229 -8 3 3 .8 3 2 .3
P y r o x e n i t e 2 4 272 -7 6 3-67 1 .7
P3 4 8 32 -71 7 .9 0 2 .4
4 4 345 -6 6 3 .3 7 2 .6
Lam prophyre L1 2 2 333 -7 6 1 .9 8 2 .6
2 4 353 -7 9 3 .9 3 2.1
P o rp h y ry D1 2 4 315 -6 6 3 .7 5 .06
2 4 354 -5 7 3 .8 9 .0 4
C1 2 4 350 -8 0 3 .9 9 3 .0
Baked 2 4 357 -7 8 3 .9 9 4 .3
C o n ta c t s C2 2 4 65 -8 5 3 .6 2 .49
2 4 285 -81 3 .9 4 . 65
C a rn e t M1 2 4 342 -78 3 .9 5 . 0 4
H o m f e l s 2 4 313 -82 3-94 . 0 5
A n d e s i t e V1 2 4 43 -7 2 3. 98 3 .2
3 4 47 -7 3 3 .9 0 2 . 4
§>> B> I ,  R and — h av e  th e  u s u a l  m ean ing . Mq i s  th e  
a v e ra g e  i n t e n s i t y  i n  0 e . m . u . / c c  x 10” ^ . s p e c i f i e s
r e s u l t s  a f t e r  p a r t i a l  d e m a g n e t i z a t io n .  A .F . i s  t h e  a l t e r n a t i n g  
m a g n e t ic  f i e l d  i n  o e r s t e d s .  TH. i s  th e  t e m p e r a tu r e  i n  °C to  
which th e  sp e c im en s  w ere  r a i s e d .
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TREATMENT
D
Mtr
I R
M
Mo
A. F. 225 338 -7 4 3 .9 2 .2 2
TH. 34C 33 -61 3 .9 3 .4 2
A .P . 75 8 -8 4 3 .9 7 .4 0
TH. 256 104 -8 5 3 .9 0 .7 8
A .P . 300 30 -7 4 6 .9 7 .2 7
TH. 450 40 -7 5 3 -96 .6 7
A .P . 225 22 -6 8 1 .8 4 .0 9
TH. 230 22 -7 9 3 .9 2 .67
A .P . 75 308 -66 3 .5 5 .2 4
TH. 201 356 -6 0 3 .9 7 .62
A .P . 225 339 -79 3 .9 9 .39
TH. 340 353 -7 8 3 .9 9 .6 3
A.P. 225 50 -8 0 3 .8 8 .29
TH. 256 333 -7 4 3 .9 2 .4 3
A. P. 150 297 -8 4 3 .9 4 .6 7
TH. 230 355 -8 8 3 .7 7 .7 8
A.P. 300 46 -7 2 3 .9 9 .6 3
TH. 305 46 -7 2 3 .9 7 .8 7
* The NRM from  o n ly  1 specim en from  each  sam ple  was 
m e a su re d ,  w he reas  t h e  r e s u l t s  a f t e r  h e a t i n g  a r e  from  
4 sp e c im e n s ,  two from  each  sam p le .
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Because  of  t h e  p o s s i b i l i t y  o f  s u r f a c e  e f f e c t s  ( such  as  
i n c i p i e n t  w e a t h e r i n g  o r  t e m p e r a t u r e  h y s t e r e s i s )  changing t h e  
m a g n e t i z a t i o n  i t  was t h o u g h t  d e s i r a b l e  t o  o b t a i n  sam ples  f rom h o l e s  
b l a s t e d  by g e l i g n i t e .  The e f f e c t  o f  b l a s t i n g  was t e s t e d  a t  
3 i t e s  P3 ,  S2 and S3« Two sam p les  jud g e d  by eye t o  be u n w e a th e r e d  
and l a t e r  co n f i rm e d  by e x a m i n a t i o n  o f  t h i n  s e c t i o n ,  were t a k e n  f rom 
t h e  s u r f a c e  a t  t h e s e  s i t e s ,  and 2 s am p les  f rom t h e  b o t to m  o f  a  h o l e  
o l a s t e d  l a t e r  a t  t h e  same p l a c e .  Compar ison  o f  t h e  r e s u l t s  i s  made 
i n  T ab le  4 »2. The t e s t  shows:  ( l )  t h e  NRM d i r e c t i o n s  a r e  more
i n t e r n a l l y  c o n s i s t e n t  f rom sam ples  t a k e n  f rom  t h e  b o t to m  of b l a s t  
h o l e s ,  t h a n  t h o s e  f ro m  s u r f a c e  sam p les  f rom  t h e  same s i t e s .
(2)  a t  s i t e  P3 t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  d i r e c t i o n  o r  
i n t e n s i t y  e i t h e r  b e f o r e  o r  a f t e r  p a r t i a l  d e m a g n e t i z a t i o n  i n  a l t e r ­
n a t i n g  f i e l d s  between s u r f a c e  sam p les  and sam p le s  f rom b l a s t  h o l e s .
(3) a t  s i t e s  32 and 33 i n i t i a l  d i r e c t i o n s  f rom  s u r f a c e  sam p les  
were s c a t t e r e d ,  b u t  a f t e r  p a r t i a l  d e m a g n e t i z a t i o n  i n  a l t e r n a t i n g  
f i e l d s ,  d i r e c t i o n s  f rom  t h e s e  sam p les  moved to w a r d s  t h e  d i r e c t i o n  
o f  sam ples  from o l a s t  h o l e s ,  which r e m a in ed  c o n s t a n t  and p r e c i s e  
a n - e r  t r e a t m e n t  i n  a l t e r n a t i n g  f i e l d s  r a n g i n g  from 150 t o  450 o e r s t e d s .  
4_»4— A l t e r n a t i n g  Ma g n e t i c  F i e l d  D e m a g n e t i z a t i o n . Prom each  o f
11 s i t e s  r e p r e s e n t i n g  a l l  p e t r o l o g i c a l  g r o u p s  4 spec im ens  were 
t r e a t e d  i n  an a l t e r n a t i n g  m a g n e t ic  f i e l d  i n c r e a s e d  i n  s t e p s  up t o  
■ 1 o e r s t e d s  o r  u n t i l  t h e  s c a t t e r  i n c r e a s e d  ( I r v i n g ,  S t o t t  and 
Ward,  1 9 6 1 ) .  C u rv es  o f  p r e c i s i o n  ( l o g  k)  and n o r m a l i z e d  i n t e n s i t y
A .  Z
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Pig. 4*4 Mean directions after partial alternating field 
demagnetization at some Mount Dromedary sites. The numbers 
indicate the peak field in oersteds applied to the specimens. 
0 = site V1, □  = site S1, /\ = site B6, Conventions as for 
Pig. 4.3*
N
» O O A
Fig* 4*5 Mean directions after partial thermal demagnetiza­
tion at some Mount Dromedary sites. The numbers indicate the 
temperature in C to which the specimens were raised.
0 = site V1, Q  = site S1, = site B6, Conventions as for
Pig. 4*3*
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(m/Mq) (Figure 4»6a and b) were plotted against alternating 
magnetic fields and a selection is represented in Figures 7a and 
b, and the results are given in Table 4«3» The estimate of 
precision, being based on only 4 specimens, is subject to consider­
able statistical fluctuations: the difference between the NRM
precision for 2 sets from the same site (Table 4«1) which are 
later partially demagnetized indicates the magnitude of these 
fluctuations. Mean directions for representative sites at the 
fields stated are shown in Figure 4*4*
The specimens from Mount Dromedary demagnetized in alternating 
magnetic fields fall into the following 4 groups:
0) At sites B1, B2 and B6 random directions remain random 
throughout demagnetization, and the intensity falls off 
rapidly at first, and then falls to a low fluctuating value.
(2) At sites S1 and P2 widely scattered or random directions 
become tightly grouped after partial demagnetization in alter*- 
nating fields and scatter in higher fields, and the intensity 
falls off rapidly at first, and then steadily.
(3) At sites 01, 02, 03 and S2, the directions are tightly grouped, 
and the precision remains nearly constant until it decreases 
steadily. Intensity in low fields falls slightly less rapidly 
than group (2), but is otherwise similar.
(4; At sites M1 and V1 the directions are tightly grouped, and 
remain so over a wide range of demagnetizing fields. The 
intensity of this group falls off much more slowly.
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TABLE 4 . 5
A l t e r r i a t i n p; F i e l d
F i e l d  i n  
O e r s t e d s D I R lOR k
M
S£o
S i t e  B3 
0 240 -81 3 . 8 3 1 . 2 5
75 227 - 7 5 3 . 6 7 0 . 9 5 .31
150 294 - 8 8 3 - 7 8 1 . 1 2 . 20
225 302 - 8 8 3 . 7 4 1 . 0 6 . 1 0
300 89 - 8 5 3 . 8 2 1 . 2 2 . 0 9
4 5 0 103 -7 1 2 . 6 5 0 . 3 4 . 0 7
60C 129 - 6 8  2 . 4 3  0 . 2 8  . 0 9
S i t e  B6
0
150
3 0 0
4 5 0
15
0
5
349
- 3 3
- 4 3
- 2 3
- 5 6
2 . 9 6
2 . 6 7
2 . 6 6
2 . 2 6
0 . 4 6
O . 3 6
0 . 3 4
0 . 2 3
. 1 6
.11
. 0 7
S i t e  A2 
0 3 3 0 - 8 0 3 . 8 1 1 . 2 0
75 298 - 7 8 3 . 9 5 1 . 7 5 . 4 4
1 5 0 10 - 7 9 3 . 9 4 1 - 7 3
CM.
225 27 - 7 8 3 . 9 5 1 . 7 7 . 1 3
300 75 - 7 3 3 . 8 9 1 . 4 4 . 1 0
4 5 0 105 - 8 2 3 . 7 8 1 . 1 4 . 0 7
600 38 - 7 4 3 . 8 5 1 . 2 9 . 06
750 136 - 7 8 3 . 9 4 1 .7 1 . 0 5
MOUNT DROMEDARY DEMAGNETIZATION 
Site Means of 4 Specimens
100
Thermal
Tgmp.
u • D I R log k M
—o
20 304 -80 3.85 1.31
215 284 -78 2.44 0.28 . 60
390 322 -70 3» 27 0.61 .44
465 282 -59 3.57 0.85 .32
555 352 -68 3.30 0.63 .19
600 39 -47 2.70 0.82 .13
20 344 -33 2.41 0.26 -
200 329 -51 2.33 0.26 .38
305 336 - 3 2.08 O ro O .36
400 334 -42 1.20 0.04 .25
450 349 -32 2.43 0.28 .23
495 304 -55 1.18 0.04 .22
600 257 -30 2.08 0.20 .13
20 320 -67 3.94 1.68
200 347 -64 3.57 0.84 . 66
305 340 -68 3.89 1.45 .65
400 353 -71 3.88 1.38 .50
495 339 -66 3.95 1.81 .37
555 238 -52 3.17 0.56 .05
600 232 -11 2.61 - .05
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TABLE 4 . 3  c o n t i n u e d
S i t e .  E1
0 210 + 70 3 . 9 0 1 . 4 9 -
225 347 - 5 5 2 . 2 2 0 . 2 3 . 0 3
300 228 - 6 0 3 . 1 3 0 . 5 3 . 0 3
450 167 - 7 4 2 . 9 9 0 . 4 8 . 0 2
S i t e  01 
0 9 - 7 4 3 . 9 8 2 . 2 6
75 23 - 7 9 3 . 9 8 2 . 2 0 . 5 7
150 34 - 7 7 3 . 9 6 1 . 9 0 .21
225 4 - 7 1 3 . 9 4 1 . 7 3 .11
300 4 - 7 4 3 . 8 6 1 .3 1 . 0 8
4 5 0 27 - 8 1 3 . 7 4 1 . 0 5 . 0 7
600 41 - 4 7 3 . 1 6 0 . 5 6 . 0 4
S i t e  D1
0 316 - 6 6 3 . 7 5 1 . 0 8 -
75 308 - 6 6 3 . 5 5 O .8 3 . 2 4
150 325 - 6 2 2 . 7 0 O .3 6 . 2 0
225 332 - 2 6 • VO Vj4 0 . 1 5 . 1 3
i t e  G1
0 24 - 8 2 3 . 9 6 1 . 8 9 -
150 3 - 7 7 3 . 9 8 2 . 2 6 . 2 4
225 349 - 7 8 3 . 9 6 1 . 8 7 .21
300 355 - 7 5 3 . 9 6 1 . 8 6 . 1 8
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20 202 +72 3 .8 8 1 .3 7
230 202 +72 3*91 1 .5 2 .48
340 194 +48 3-24 0 .6 0 • 06
440 265 +67 1 .00 0 .0 0 .0 3
490 306 - 2 3 1 .8 8 0 .1 5 .03
540 29 - 4 3 2 .5 4 0 .3 0 .01
570 189 +17 0 . 9 3 0 .0 0 .01
20 25 -7 2 3 .9 3 1 .66
230 21 -7 9 3 . 9 4 1 .7 3 .90
380 33 -8 0 3 .9 5 1 .7 8 .82
480 21 -76 3 .9 2 1 .6 0 •  64
530 55 -7 8 3-93 1 .6 3 •  64
550 21 -6 3 3 . 1 3 0 .5 4 •  39
570 41 -46 3.01 0 . 4 8 .26
20 354 -5 7 3 .8 9 1 .4 5
200 356 -6 0 3 .9 7 2 .0 0 .62
305 51 -5 8 3-50 0 .7 8 .20
400 131 +  4 2 .6 0 0 .3 2 .25
450 166 +  4 1 .99 0 .1 8 .22
600 143 -11 1 .7 5 0.11 .5 4
20 22 -8 4 3 .9 9 2 .5 8
230 16 -8 3 3 .9 9 2 •  61 .91
380 42 -80 3-99 2 .6 9 .80
480 35 -81 3*98 1.91 .69
530 20 -86 3.91 1 .5 4 •  66
550 307 -81 2 .0 9 0 .2 0 .33
570 100 -52 2 .9 7 0 .4 6 .0 5
600 9 -82 3 .0 8 0.51 .0 5
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TABLE 4 . 3  c o n t i n u e d
S i t e  P2
0 229 - 8 3 3 . 8 3 1 . 2 4 -
75 8 - 8 4 3* 9 7 2 . 0 2 . 4 0
150 151 - 8 7 3 . 9 5 1 . 7 5 . 2 6
225 249 - 8 7 3 - 8 7 1 . 3 5 .21
300 31 - 8 7 3 - 9 6 1 . 8 3 . 2 0
4 5 0 152 - 8 3 3 . 9 7 1 . 9 4 .  14
600 95 - 7 6 3 . 8 0 1 . 1 8 .11
750 76 - 7 9 3 . 7 6 1 . 0 9 . 0 9
S i t e  S1
0 66 - 2 5 1 . 5 7 0 . 0 8 -
75 20 - 7 5 3 . 7 2 1 . 0 3 . 2 6
150 2 -7 1 3 . 7 7 1 .1 1 .2 2
225 2 - 7 5 3 . 9 3 1 . 6 5 . 2 0
300 315 - 7 2 3 . 9 2 1 . 5 6 . 1 4
4 5 0 5 - 7 5 3 . 9 2 1 « 56 . 1 0
600 314 - 6 7 3 . 8 9 1 . 4 5 . 0 9
750 11 -7 1 3 . 7 9 1 . 1 5 -
S i t e  M1
0 342 - 7 8 3 . 9 6 1 . 8 2 -
75 333 - 8 3 3 .9 1 1 .5 1 . 7 4
150 297 - 8 4 3 . 9 4 1 .7 1 . 7 4
225 337 - 8 0 3 . 9 3 1 . 6 1 . 6 7
300 15 - 8 5 3 . 9 3 1 . 6 1 . 6 7
4 5 0 335 - 8 5 3 . 9 2 1 . 5 7 . 6 2
600 317 - 8 5 3 . 9 2 1 . 5 8 . 6 0
750 3 4 4 - 8 8 3 . 9 4 1 .7 1 . 5 9
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S i t e  P i
20 89 -5 5 3 .4 3 0 .7 2 -
230 50 -68 3.71 1 .0 2 .5 4
340 33 -61 3 .9 3 1 .6 5 .42
440 24 -81 3 .8 4 1.41 .3 7
490 18 -7 3 3.91 1 .5 2 .3 7
540 299 -5 5 3 .0 8 0.51 .20
570 288 -5 6 2.11 0 .2 0 .08
20 146 -2 3 3 .2 5 0 .6 0 -
23O 126 -18 3 .2 9 0 .6 2 .67
340 137 -3 4 3 .0 9 0 .5 2 .4 3
440 127 -5 9 3 .3 9 0 .6 9 .4 4
490 122 -60 3 .5 2 0 .8 0
C\1
-d*.
54O 121 -3 5 2 .5 4 0 .3 0 .1 9
570 336 -5 3 2.31 0 .2 6 .0 4
63O 15 -61 3-63 0 .91 .05
20 313 -8 2 3 .9 4 1 .6 7
230 355 -88 3 .77 1.11 .75
380 58 -78 2 .66 0 .3 4 .0 4
480 180 -5 9 1 .8 0 0 .1 5 .03
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TABLE 4.5 continued
Site V1
0 43 -72
225 50 -73
300 46 -72
450 47 -72
600 4-1 -69
750 44 -72
3.98 2.12 -
3.99 2.29 .70
3.99 3.07 .63
3.99 2.42 .55
3.99 2.36 .43
3.99 2.48 .35
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20
200
305
400
450
495
555
600
47 -73 3.90 1.47
36 -72 3*93 1.65 .94
46 -72 3.97 1.94 .87
51 -71 3.92 1.59 .87
54 -79 3-94 1*68 • 86
43 -72 3.95 1.76 .84
120 -58 1.98 0.18 .33
200 -20 1.98 0.18 .03
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These groups ,  which grade i n t o  one a n o t h e r ,  may be e x p l a i n e d  
on th e  r e l a t i v e  c o e r c i v i t y  o f  primary (o) and secondary ( l )  com­
pon en ts  as o u t l i n e d  i n  s e c t i o n  1 . 6 . In group 0 )  ,0 i s  e n t i r e l y  
masked or o b l i t e r a t e d  by L. L in  (2)  i s  l a r g e  in  magnitude but has
/ V
a low c o e r c i v i t y  and i s  p r e f e r e n t i a l l y  removed by th e  a l t e r n a t i n g  
magnetic f i e l d .  In group (3)  th e r e  i s  a n e g l i g i b l e  L and th e  
g r a d ie n t  of  th e  p r e c i s i o n  curve  i s  a f u n c t i o n  o f  the  c o e r c i v i t y  of  
0 .  Group ( 4 ) ,  i d e a l  f o r  p a laeom agnet ic  work,  i s  s i m i l a r  to  group 
( 3 ) but 0 has a h ig h e r  c o e r c i v i t y .
The normalized  i n t e n s i t y  curves  are o n ly  a broad c r i t e r i o n  
o f  s t a b i l i t y  s in c e  rocks from group ( 2 ) may g i v e  a d em a g n et iza t io n  
curve i n d i s t i n g u i s h a b l e  from t h o s e  o f  group ( 1 ) ,  and d i s p e r s i o n  of  
a s e t  o f  specimens from th e  same s i t e  i s  a more s a t i s f a c t o r y  
c r i t e r i o n .
4 . 3  Thermal d e m a g n et iza t io n  of  NRM. ( I r v i n g ,  R obertson,  S t o t t ,
/ < ? 6 l
T a r l i n g  and Ward  ̂ S id e  by s id e  with  d e m a g n e t iz a t io n  in  a l t e r n a t i n g  
magnet ic  f i e l d s  4 d i f f e r e n t  specimens from th e  same 11 s i t e s  were 
h eated  to s u c c e s s i v e l y  h ig h e r  t e m p e r a tu r e s .  The maximum tempera­
t u r e  in  each run was maintained  f o r  on ly  about 5 minutes to reduce  
chem ica l  a l t e r a t i o n  to  a minimum (Verhoogen 1962) .  F ig u r e  4 .4 
shows a s t e r e o g r a p h ic  p l o t  of  the  mean d i r e c t i o n  from 4 specim ens  
a t  th e  tem peratures  shown f o r  a s t a b l e  (V1) ,  p a r t i a l l y  s t a b l e  ( S i ) ,  
and u n s t a b le  (B6) s i t e .
4 . 5
TABLE 4 .4
E s t i m a t io n  o f  C u r ie  P o i n t s  o f  NRM
S i t e Prom P r e c i s i o n  
C u rv e ,  C*
Prom I n t e n s i t y  
C u rv e ,  C«
P l u t o n i c
Rocks
B3 I n d e t e r m i n a t e I n d e t e r m i n a t e
A2 560 540 -  560
01 550 560 -  590
G1 550 550 -  57 5
P1 540 530 -  580
S1 520 530 -  570
Dyke s
L1 320 275 -  380
D1 330 250 -  340
C o n ta c t
Rocks
C1 555 525 -  555
M1 a b o u t  345 300 -  400
V1
i
54 5 550 -  590
r
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P r e c i s i o n  p l o t t e d  a g a i n s t  t e m p e r a t u r e  (ana logous  t o  t h e
a l t e r n a t i n g  f i e l d  c u rv e s )  (F igu re  4»6c) i n c r e a s e d  a f t e r  h e a t i n g
oa t  most s i t e s  and reached  a maximum a t  a t e m p e r a t u r e  about  100 C 
below t h e  C ur ie  P o i n t  f o r  th e  magnet ic  m ine ra l  i n  t h e  rock« The 
p r e c i s i o n ,  however,  changed slowly w i th  t e m p e ra tu re  u n t i l  a r a p id  
f a l l  a t  t h e  C ur ie  P o i n t ,  and a t  most s i t e s  t h e r e  was a range  of 
about  200°C i n  which t h e  p r e c i s i o n  was no t  s i g n i f i c a n t l y  d i f f e r e n t  
from th e  maximum.
The i n t e n s i t y  of m a g n e t i z a t io n  d e c r e a s e s  ve ry  s lowly  w i th  
i n c r e a s e  o f  t e m p e ra t u re  (F igu re  4*6d) e s p e c i a l l y  w i th  s t a b l e  
spec im ens,  i n  the  low er  t e m p e r a t u r e  r a n g e ,  and very  r a p i d l y  n e a r  
a p o i n t  t h a t  i s  i n t e r p r e t e d  as  the  C ur ie  P o i n t .
The Curie  P o i n t  of t h e  dominant magnet ic  m in e ra l  i n  a rock 
may be e s t i m a te d  from th e rm a l  d e m ag n e t i z a t io n  c u rv e s  i n  two 
d i f f e r e n t  ways: ( l )  by s e l e c t i n g  a p o i n t  on th e  p r e c i s i o n  curve
(F ig u re  4*6c) a t  which a random l e v e l  i s  r e ach ed :  ( 2 ) by t a k i n g
as  t h e  low er  l i m i t  t h e  va lue  of T f o r  which t h e  g r a d i e n t  i s  g r e a t e s t  
(F ig u r e 4 ^ d ) ,  and as the  upper  l i m i t  t h e  t e m p e ra tu re  a t  which th e  
t a n g e n t  a t  t h i s  p o in t  c u t s  the  a b s c i s s a «  Table 4 «4 shows t h a t  
t h e s e  two methods a re  in  g e n e r a l  agreement«
I f  o t h e r  magnetic  m in e ra l s  a r e  p r e s e n t  i n  s u f f i c i e n t  q u a n t i t y  
i t  i s  p o s s i b l e  to  e s t i m a t e  Curie  P o i n t s  from i n f l e x i o n s  i n  t h e  
i n t e n s i t y  c u rve .  Only a t  s i t e  E, d i s c u s s e d  i n  s e c t i o n  4 . 8 , was 
a lo w e r  Curie  P o in t  ev iden t«  Most of t h e  p l u t o n i c  r o c k s ,
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88 87 86 8.5
pig. 4.7 Laboratory TRM directions from Mount Dromedary rocks» 
The directions are from specimens heated to 600°C, and cooled 
in a field vertically upwards along the axis of the specimens. 
Conventions as for Fig. 4»3* Only the Central portion of the 
diagram, in which all the directions fall, is shown.
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( s i t e s  A2, 01,  G1, S1 and P1) had s i n g l e  Curie  P o i n t s  between 
540 and 560°C, whereas  C ur ie  P o i n t s  f o r  t h e  c o n ta c t  and dyke 
ro c k s  ( s i t e s  L1, D1, )  were between 300°C and 350°C and t h o s e  f o r  
t h e  c o n t a c t  ro c k s  (C1, M1 and V1) were between 300 and 565°C.
4y6 Thermal D em ag n e t iza t io n  o f  TRM» (V incen t ,  W righ t ,  C h e v a l l i e r  
and M ath ieu ,  1957)« One o r  more spec imens from each s i t e ,  28 in  
a l l ,  were h e a t e d  above 600°C and coo led  i n  a f i e l d  of 1.1 o e r s t e d  
a lo n g  t h e  a x i s  o f  t h e  spec imens and v e r t i c a l l y  upwards .  The 
a c q u i r e d  m a g n e t i z a t i o n  d i r e c t i o n s  a re  p l o t t e d  i n  F ig u r e  4*7.
No d i r e c t i o n s  d e v i a t e  by more th an  5° from th e  f i e l d  d i r e c t i o n .  
i.ne mean d i r e c t i o n  i s  v e r t i c a l  ( I_ = -90)  with  a p r e c i s i o n  
k = 1570 (N = 28) and = 2° .  R e p r e s e n t a t i v e  n o rm a l ized  
d e m a g n e t i z a t io n  cu rv e s  of  i n t e n s i t y  f o r  a p p l i e d  TRM and NRM a re
shown i n  F ig u r e  4 . 6 d .  Comparison of TRM and NRM cu rves  shows
t h a t :
(1) NRM c u rv e s  tend  t o  f a l l  o f f  more r a p i d l y  a t  low t e m p e r a t u r e s  
th an  do th e  TRM cu rv es  a t  s i t e s  A2, S1 and P2, bu t  a t  h i g h e r  
t e m p e ra tu re s  th e y  a r e  n e a r l y  p a r a l l e l .
(2) The TRM and NRM cu rv es  a t  s i t e s  01,  02 and GM a r e  very s i m i l a r
(3) TRM and NRM c u rv e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  s i t e s  V1 
and M1. The TRM c u rves  f o r  t h e s e  s i t e s  show a smooth d e c r e a se  
of i n t e n s i t y  from 350 to  550°C, whereas  th e  NRM curve  f o r  
s i t e  M1 shows a C u r ie  P o in t  a t  about  350°C, and t h a t  f o r
s i t e  V1 a t  about  550°C.
4-7
The comparison suggests that specimens from group (l) may 
contain low stability components that are removed by heating to 
200°C or a chemical change may have occurred during heating in the 
range below 200°C* Specimens from group (2) have a Curie Point 
over 500°C and are not appreciably altered by heating. It seems 
probable that the magnetic mineral in group (3) undergoes chemical 
change during heating.
The smooth TRM curve at site V1 in the 200-500°C range could 
be explained by mixing of exsolved magnetite in ilmenifce forming a 
range of titanium-rich magnetite minerals frozen in by rapid 
laboratory cooling. Site M1 requires a different explanation.
The garnet-horfels at this site is very inhomogeneous, so that it 
was possible to measure groups of garnet-rich and garnet-poor 
specimens. The intensity of the former was greater by a factor 
of 10 suggesting that the magnetic mineral is associated with the 
garnet.
4*7 A comparison of the Magnetic and Thermal Methods of Cleaning.
It was shown in section 4*4 that the precision from 4 specimens after 
partial demagnetization in alternating magnetic fields at a variety 
of sites increased to a maximum that remained nearly constant for 
most sites over a range of fields from 100 to 300 oersteds. Similarly 
in section 4*5 it was shown that the thermal demagnetization gave 
maximum precision over a temperature ranging from 100 to 200°C below 
the Curie Point. Pour specimens from the remaining sites were
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p a r t i a l l y  demagnet ized  i n  an a l t e r n a t i n g  f i e l d  of  150 o e r s t e d s  
and a s e p a r a t e  s e t  o f  4 spec imens from t h e s e  s i t e s  were h ea ted  
t o  260°C, and t h o s e  from p l u t o n i c  rocks  reh ea te d  to  450°C.
In Table  4»1 r e s u l t s  are g iv e n  from a l l  groups of  4 spec imens  
b e f o r e  t r e a t m e n t ,  and a f t e r  trea tm ent  b o th  i n  the  a l t e r n a t i n g  
f i e l d  and th e  tem perature  th a t  y i e l d e d  th e  h ig h e s t  p r e c i s i o n .  I t  
i s  e v i d e n t  from t h i s  Table  th a t  a t  s i t e s  such as E3, CM, C1 and 01 ,  
the  sm al l  i n i t i a l  s c a t t e r  i s  due to  c o l l e c t i n g  and measuring e r r o r s ,  
and t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  d i r e c t i o n  between groups  
o f  spec im ens  from th e  same s i t e ,  e i t h e r  b e f o r e  or a f t e r  p a r t i a l  
d e m a g n e t iz a t io n  by e i t h e r  method. At most o th e r  s i t e s  the  
p r e c i s i o n  was i n c r e a s e d  both  by a l t e r n a t i n g  f i e l d  and thermal  
p a r t i a l  d e m a g n e t i z a t i o n ; at  s i t e s  S 1 , S2 and C2 the  former caused  
t h e  g r e a t e r  improvement,  and th e  l a t t e r  at  s i t e  0 2 .  Both methods  
o f  p a r t i a l  d e m a g n e t iz a t io n  in c r e a s e d  th e  s c a t t e r  at  s i t e s  B3 and 
E2, whereas p a r t i a l  d em a g n et iza t io n  i n  a l t e r n a t i n g  f i e l d s  in c r e a s e d  
the  s c a t t e r  at  s i t e s  B5,  L1 and D1, and p a r t i a l  thermal demagnet iza­
t i o n  i n c r e a s e d  s c a t t e r  a t  s i t e s  A2 and M1.
The s i t e s  have been  d iv id e d  i n t o  3 g e o l o g i c a l  groups:
( l )  P l u t o n i c  rocks  from Mount Dromedary; (2)  P l u t o n i c  r o c k s  from 
L i t t l e  Dromedary; (3) Contact and dyke r o c k s .  R e s u l t s  f o r  th e s e  
groups are shown in  Table  4 . 5« They show t h a t  t h e r e  i s  no 
s i g n i f i c a n t  d i f f e r e n c e  between t h e s e  grou p s ,  but th a t  p a r t i a l  
d e m a g n e t i z a t i o n  i n  an a l t e r n a t i n g  magnetic f i e l d  g i v e s  more
4 . 9
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TABLE 4*5
Group Numberin
Group
PARTIAL ALTERNATING FIELD DEMAGNETIZATION
Initial 
D I R a
Treated
D I R a a
1 10 3 -76 9-38 13 31 -80 9.75 8 2.4
2 ? 55 -76 6.42 20 15 -78 6.93 7 8.3
3 4 333 -78 3.95 12 349 -79 3.90 17 0.5
Average
3.96of
Groups 4X
23 -78 10 2b -78 3.9 8 -7i 2.0
Average 20.60of
Sites
22X 17 -78 8 19 -79 21.53 5 3.0
Group"! is from Mount Dromedary, Group2 is from Little 
Dromedary and Group3 is comprised of dyke and contact 
rocks. D, I, R and a mean the same as in Table 1.
^ is the ratio of the precision after partial demagnetize-
COMPARISON OP GROUPS AT MOUNT DROMEDARY
-- -- PARTIAL THERMAL DEMAGNETIZATION
D
Initial 
I R a D
Treated 
I R a ! a
8 - 7 9 8 . 9 3 18 355 - 8 3 9 . 1 0 16 1 . 2
179 - 8 8 5 . 8 8 29 59 - 8 4 6 . 6 7 15 3 . 4
3 3 9 - 7 6 3 . 9 1 16 3 5 5 - 7 6 3 . 9 3 15 1 . 2
15 - 8 1 3 . 9 5 12 24 - 8 0 3 . 9 7 9 1 . 5
3 - 8 3 1 9 . 5 6 11 13 - 8 2 2 0 . 6 1 8 1 . 8
tion, to that "before. xSite VI, not included in 
groups 1-3» as it is probably a lava flow, is included 
in the over-all mean statistic.
'
N
P i g ,  4*8 D i r e c t i o n s  from s i t e  E l , Mount Dromedary, V shows 
d i r e c t i o n s  from specimens  p a r t i a l l y  demagnet ized  i n  a peak 
a l t e r n a t i n g  f i e l d  of 300 o e r s t e d s ,  and ^  shows t h e  i n i t i a l
d i r e c t i o n s  f rom th e  same sp ec im ens ,  C7 shows t h e  d i r e c t i o n s
o ^of  spec imens h e a te d  t o  540 C andjshows th e  i n i t i a l  d i r e c t i o n s  
from th e  same spec imens.
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c o n s i s t e n t  r e s u l t s  than  th e rm a l  p a r t i a l  d e m ag n e t iz a t io n  f o r  t h e  
p l u t o n i c  i n t r u s i o n s ,  whereas  f o r  th e  dyke and c o n ta c t  ro c k s  th e  
r e v e r s e  i s  t r u e .
The good agreement of  d i r e c t i o n s  between groups  s u g g e s t s  
e i t h e r  t h a t  i n  each group s e c u l a r  v a r i a t i o n  has been av e rag e d  
out o r  t h a t  i t  was s m a l l e r  i n  th e  Upper C re taceo u s  th a n  i t  i s  
t o d a y .
I t  i s  c l e a r  from Table  4*5 t h a t  th e  o v e r a l l  mean d i r e c t i o n  
i s  more p r e c i s e l y  d e f in e d  a f t e r  magnet ic  c l e a n i n g  th a n  a f t e r  
t h e r m a l  c l e a n i n g .  A p o s s i b l e  p h y s i c a l  e x p l a n a t i o n  i s  t h a t  t h e  
u n s t a b l e  components r e s i d e  i n  a r e a s  of low c o e r c i v i t y  ( c f .
Verhoogen 1959) ,  r a t h e r  t h a n  i n  m in e r a l s  w i th  low C ur ie  P o i n t s ,  
i n  t h e  p l u t o n i c  rocks  from which th e  m a j o r i t y  of t h e s e  spec imens 
were t a k e n .
4»8 S i t e  E1, Monzoni te,  a p o s s i b l e  Example o f  a S e l f - R e v e r s a l . 
(Nagata ,  Uyeda and Akimoto 1952; Nagata  1953)« The m a g n e t iza ­
t i o n  d i r e c t i o n s  o f  spec imens from s i t e  E1, which i s  an e v e n - g r a i n e d  
monzoni te ,  i n i t i a l l y  gave a t i g h t  group i n  th e  o p p o s i t e  sense  t o  
t h o s e  from o t h e r  s i t e s  (F ig u re  4* 8 ) .  F ou r  specimens h e a te d  t o  
230°C m a in ta in ed  h igh  p r e c i s i o n  i n  t h i s  d i r e c t i o n ,  but became 
w ide ly  s c a t t e r e d  a f t e r  h e a t i n g  t o  340°C, and random a t  440°C.
The i n t e n s i t y  of NRM d e c r e a se d  r a p i d l y  t o  340°C, and then  s lowly  
"to 565 , whereas th e  i n t e n s i t y  o f  specimens  g iven  a TRM f e l l  o f f  
l e s s  r a p i d l y  w i th  t e m p e r a t u r e .  The t r e n d  o f  d i r e c t i o n s  a t  540°C
4 . 1 0
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was opposed to the initial direction although the scatter of 
points was high.
Demagnetization in alternating magnetic fields of 4 specimens 
initially forming a tight reversed group gave a similar, but more 
clearcut result. Their directions became random in 225 oersteds, 
and were widely scattered with negative inclinations after treat­
ment. in 300 oersteds (Figure 4*8), and in 450 oersteds the scatter 
increased. The intensity fell to about 3 per cent of the initial 
intensity after partial demagnetization in 225 oersteds, and in 
higher fields decreased slowly«
It would appear that after heating above 340°C and partial 
demagnetization in an alternating magnetic field of 225 oersteds
ĥe directions are opposed to the NRM direction, but the scatter 
is very high.
Examination of two polished sections revealed that the main 
magnetic mineral was pyrrhotite with a grain size of 0.5mm, and 
magnetite about a tenth of this size was associated with it.
t\ possible explanation of the magnetic behaviour of this 
rock is that the reverse NRM is due to the magnetic interaction 
0i Pyrrhotite and magnetite, and that the pyrrhotite became 
magnetized in the opposite direction to the ambient field as it 
cooled in the field of the associated magnetite (Everitt 1962). 
Otner possioilitles are the development of intergrowths such as
4.11
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t h o s e  examined  by Uyeda ( 1 9 5 6 ) ,  o r  s e l f - r e v e r s a l  due t o  i o n i c  
o r d e r i n g  w i t h i n  a  m i n e r a l  a s  s u g g e s t e d  by Verhoogen (1 9 5 6 ) •  
A l t e r n a t i v e l y  t h e  e a r t h ' s  m a g n e t i c  f i e l d  might  have r e v e r s e d  
be tween  t h e  t i m e  a t  which t h e  rock  a t  s i t e  E1 c o o le d  be low t h e  
C u r ie  P o i n t  o f  m a g n e t i t e ,  and t h a t  of  p y r r h o t i t e .  In v iew  o f  
t h e  a b s e n c e  o f  a  r e v e r s e  d i r e c t i o n  a t  any o t h e r  Mount Dromedary 
s i t e  t h i s  i s  c o n s i d e r e d  u n l i k e l y .  S ix  s p e c im e n s  c o o le d  i n  t h e  
l a b o r a t o r y  f rom 600°C i n  t h e  e a r t h ' s  m a g n e t i c  f i e l d  a c q u i r e d  a 
TRM i n  t h e  same d i r e c t i o n  a s  t h e  f i e l d .  T h i s  i s  n o t  c o n s i s t e n t  
w i t h  t h e  s u g g e s t e d  e x p l a n a t i o n  of  s e l f - r e v e r s a l  u n l e s s  e i t h e r  h e a t i n g  
h a s  changed  t h e  m a g n e t i c  m i n e r a l s  o r  t h e  l a b o r a t o r y  r a t e  o f  c o o l i n g  
was t o o  f a s t  t o  a l l o w  t h e  g row th  of  r e v e r s e  m a g n e t i z a t i o n .  The 
p r e s e n t  r e s u l t s  a r e  i n c o n c l u s i v e  and a  more d e t a i l e d  s t u d y  i s  
n e c e s s a r y  t o  d e m o n s t r a t e  a  s e l f - r e v e r s a l *
4 « 9 Some Bulk  M agne t i c  P r o p e r t i e s  ( c f .  Akimoto ,  1955)* The 
b e h a v i o u r  o f  spe c im e n s  i n  h i g h  m a g n e t i c  f i e l d s  b e a r s  no d i r e c t  
r e l a t i o n s h i p  t o  t h e  e f f e c t  of  m a g n e t ic  f i e l d s  of  l e s s  t h a n  1*0 
o e r s t e d  such  a s  t h a t  of  t h e  e a r t h  bu t  c e r t a i n  p r o p e r t i e s  of  
spec im ens  i n  h i g h  f i e l d s  g i v e  some i n f o r m a t i o n  r e l e v e n t  t o  
s t a b i l i t y  p r o b l e m s .
Spec im ens  s e l e c t e d  f o r  t e s t i n g  i n  h i g h  f i e l d s  were  p l a c e d  
i n  a u n i f o r m  f i e l d  t h a t  c o u l d  be i n c r e a s e d  i n  s t e p s  f rom 300 t o  
o v e r  5000 o e r s t e d s .  The i n t e n s i t y  o f  m a g n e t i z a t i o n  was measured
4 . 1 2
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a f t e r  each  s t e p .  S a t u r a t e d  s p e c im e n s ,  t h a t  i s  ones  i n  which t h e
i n t e n s i t y  r e m a in ed  c o n s t a n t  a f t e r  t h e  f i e l d  was i n c r e a s e d ,  were
p l a c e d  i n  a  s m a l l  u n i fo rm  f i e l d  i n  t h e  o p p o s i t e  s e n s e ,  which was
i n c r e a s e d  i n  s t e p s  u n t i l  t h e  m a g n e t i z a t i o n  changed  s i g n .  The f i e l d
r e q u i r e d  t o  s a t u r a t e  (H .j. ) ,  t h e  maximum i s o t h e r m a l  remanence
(M. ) ,  and t h e  f i e l d  r e q u i r e d  to  d e s t r o y  t h i s  m a g n e t i z a t i o nl  sax •
(H ) were o b t a i n e d  from t h e  c u rv e  o f  m a g n e t i z a t i o n  i n t e n s i t y  (M )
—d  ' —n
p l o t t e d  a g a i n s t  a p p l i e d  f i e l d  s t r e n g t h  (h ) • H g i v e s  somes ax •
i n d i c a t i o n  o f  t h e  shape  and s i z e  of  t h e  m a g n e t i c  m i n e r a l s ,  i n  
g e n e r a l  s m a l l e r  m a g n e t i c  g r a i n s  r e q u i r e  h i g h e r  f i e l d s  f o r  s a t u r a ­
t i o n .  M. g i v e s  an e s t i m a t e  o f  t h e  amount o f  m a g n e t i c  m a t e r i a l
a v a i l a b l e *  g i v e s  t h e  a v e r a g e  c o e r c i v i t y  o v e r  t h e  whole s p e c t ru m
of  m a g n e t i c  m i n e r a l s  i n  t h e  r o c k  (Cox and D o e l l  I 9 6 0 ) .
T a b le  4*6 shows v a l u e s  f o r  t h e s e  p r o p e r t i e s  and a l s o  t h e  
i n t e n s i t y  of  NRM (M ) t h e  s u s c e p t i b i l i t y  (X) i n  a f i e l d  o f  0*5
o e r s t e d  and  t h e  r a t i o  M /"/• I t  may be  s e e n  t h a t  v a l u e s  o f  H ,
“ o — — d ’
- s a t . ’ and - i  s a t .  may v a r y  by a f a c t o r  o f  2 frora s pec im ens  from 
t h e  same s i t e  i n  which  M , b o th  i n  d i r e c t i o n  and i n t e n s i t y ,  i s
a l m o s t  i d e n t i c a l .  T h i s  s u g g e s t s  t h a t  m a g n e t i c  i n h o m o g e n e i t i e s  
w i t h i n  a s i t e  may have  a  n e g l i g i b l e  e f f e c t  on t h e  NRM. The r a t i o  
ä 0/  d  has  v a l u e s  r a n g i n g  from 0.1  t o  18 .0  and a l t h o u g h  many s i t e s  
c o n s i d e r e d  s t a b l e  have v a l u e s  c l o s e  t o  1, so a l s o  do s i t e s  B4 and 
n1 t h a t  do n o .  a p p e a r  t o  be s t a b l e ,  w h e re a s  s t a b l e  s i t e s  M1 and 
V1 have  q u i t e  low v a l u e s .
4 .1 3
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It is seen that although the bulk magnetic properties have 
some bearing on the stability of the NRM of rocks it is not a 
direct one, and none of them provide an unequivocal criterion of 
stability. This is presumably due to the fact that the NRM derives 
from only a small part of the magnetization available in the ferri- 
magnetic minerals, whereas the bulk properties are due to all the 
magnetic material available*
4«10 Mineragraphic Investigations. Results of polished section 
and powder photography work are summarized in Table 4*7« The 
polished sections examined were not necessarily representative of 
the rock since the minerals in some samples, such as those from 
sites GM , P1, 01 and M1, were unevenly distributed« It was not 
always possible to identify all the opaque minerals present, 
particularly where they occurred in extremely small grains, as in 
the sections from sites M1 and C1, but they must be present since 
the rocks showed ferrimagnetic properties.
The following points emerged from the examination of 15 
sections s-
(1) A very variable proportion of the opaque minerals are not 
magnetic, so that there is no simple relationship between 
opaques in thin section and amount of magnetic mineral 
present.
(2) Although minerals of the raagnetite-ilmenite series pre­
dominate, pyrrhotite is commonly present, and at sites E1
4«14
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and C2, t h e  q u a n t i t y  i s  s u f f i c i e n t  to  a f f e c t  t h e  m a g n e t i c  
p r o p e r t i e s  of  t h e  r o c k .
( 3 ) At s i t e  E1 t h e  j u x t a p o s i t i o n  of  m a g n e t i t e  and p y r r h o t i t e  
c r y s t a l s  s u g g e s t s  a  p o s s i b l e  mechanism f o r  m a g n e t i c  s e l f ­
r e v e r s a l  i n  t h i s  r o c k .
(4 ) I t  was n o t  p o s s i b l e  t o  d i s t i n g u i s h  i n t e r m e d i a t e  m i n e r a l s
i n  t h e  m a g n e t i t e - i l m e n i t e  s o l i d  s o l u t i o n  s e r i e s  i n  p o l i s h e d  
s e c t i o n .
( 5) J n t e r g r o w t h s  o f  m a g n e t i c  m i n e r a l s  were v i s i b l e  i n  a  number  
of  t h e  s e c t i o n s ,  and i n f o r m a t i o n  r e g a r d i n g  t h e  r e l a t i o n s h i p s  
of  t h e  m a g n e t i c  m i n e r a l s  c o u l d  g i v e  v a l u a b l e  c l u e s  t o  t h e  mag­
n e t i c  b e h a v i o u r  o f  t h e  r o c k s .
(6)  X - ray  powder  p h o t o g r a p h y ,  b o th  o f  pow der  f rom s e l e c t e d  
c r y s t a l s ,  and f rom t h e  m a g n e t i c  f r a c t i o n  of  s^*ock c r u s h  
p r o v i d e s  b o t h  c o n f i r m a t i o n  o f  and i n f o r m a t i o n  a d d i t i o n a l  
t o  t h a t  o f  t h e  p o l i s h e d  s e c t i o n s .
T h i s  work c o n f i r m s  ( N a g a ta  and Oziraa, 1956;  N a g a ta ,  Uyeda 
and Ozima,  1957;  V i n c e n t  e t  a l i a ,  1957) t h a t  v a l u a b l e  i n f o r m a t i o n  
r e l a t i n g  t o  m a g n e t i c  p r o p e r t i e s  and p e c u l i a r i t i e s  ( s u c h  a s  s e l f ­
r e v e r s a l s )  can be  g a i n e d  f rom p o l i s h e d  s e c t i o n  e x a m i n a t i o n .
4 .11  D i s c u s s i o n . The f o l l o w i n g  p o i n t s  i n d i c a t e  t h a t  t h e  
d i r e c t i o n  o b t a i n e d  a t  Mount Dromedary i s  t h a t  o f  t h e  e a r t h ' s  
m a g n e t i c  f i e l d  i n  t h e  Cenomanian E p o c h : -
4 . 1 5
1* Studies of alternating field and thermal demagnetization show 
that, apart from secondary components at some sites which can 
be removed by partial demagnetization, the magnetization is 
stable«
2* Contact rocks heated by the intrusions are magnetized in the 
same direction as the igneous rock, indicating that the 
magnetization originated at the time of cooling.
3* At some sites demagnetization curves of TRM and NRM are the 
same indicating that the NRM is in fact a TRM, and does not 
contain an IRM component.
4* One or more specimens from all sites cooled in the laboratory 
from 600°C in a known magnetic field acquired a magnetization 
accurately parallel to the ambient field (Figure 4»7), showing 
that the magnetism is isotropic.
5* Rocks from different physical and chemical environments,
(dykes, margins and interiors of over- and under-saturated 
plutonic masses, and in which stresses, load, and chemical 
equilibria have been different, are magnetized in a similar 
direction.
6. K-A isotope age determinations on several minerals from 3 sites 
gave an age close to 90 m.y.
(. The range of sampling sites is adequate to average out secular 
variation.
126
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Thus t h e  p o le  p o s i t i o n  of 56S, 136E, c a l c u l a t e d  from th e  
m a g n e t i c a l l y  c lean ed  Mount Dromedary ro c k s ,  i n  which th e  p o l a r  
e r r o r s  a re  dm=9, dp=9* and which a re  known to  be of Cenomamian 
age ,  i s  w e l l  d e f in e d  b o th  i n  t ime and sp ac e .
4.17
CHAPTER 5» BRISBANE TUPF «
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5-1 Geology and Sampling« The Brisbane Tuff is rhyolitic, and 
was extruded during the deposition of the Ipswich Coal Measures 
which contain a rich fossil flora of Middle Triassic age (Jones 
and de Jersey 1947)* Bryan and Jones (i960) have noted five 
different varieties of tuff. The welded, unstratified tuff 
(Richards and Bryan 1934) was, however, the only variety from 
which fresh samples suitable for palaeomagnetic work could be 
obtained, because it had been quarried for building stone in and 
around the city of Brisbane- The tuff forms lenses in beds that 
are either horizontal or dipping less than ten degrees. A thin 
section from each site shows a remarkable uniformity, both of 
texture and composition, and it is likely that the 6 sites 
represent a very small time interval. It is a porphyroblastic 
rock with a very fine groundmass* Some of the porphyrobiasts of 
quartz and felspar are embayed and some minerals are deuterically 
altered- This alteration probably occurred immediately after 
extrusion and there is no sign of weathering.
Evidence of altitude is scant, but the boundary between two 
units (sites S1 and S2), each about 30 feet thick, exposed in 
Stafford quarry, is horizontal. A dip of forty degrees in the 
oeds underlying the welded tuff at the north end of the Windsor 
quarry (site w) is exceptional, and decreases rapidly to the
5.1
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Fig« 5*1 D i r e c t i o n s  from p a r t i a l l y  dem agne t ized  specimens of 
B r isbane  T u f f « One specimen from each s i t e  was s u b j e c t e d  to  
an a l t e r n a t i n g  m agne t ic  f i e l d  of which th e  peak v a lu e  was 
i n c r e a s e d  by in c r e m e n t s  of 150 up t o  600 o e r s t e d s .  Convent ions  
as  f o r  F i g .
BT5BI/  Site S1
BT10A2 Site P
Alternating Peak Field in Oersteds
Fig* 5*2 A l t e r n a t i n g  m agne t ic  f i e l d  d e m a g n e t i z a t io n  o f  th e
B r i sb an e  T u f f , The o r d i n a t e  g i v e s  t h e  r a t i o  of t h e  i n t e n s i t y
\
of m a g n e t i z a t i o n  rem a in in g  a f t e r  t r e a tm e n t  (m) i n  t h e  peak 
a l t e r n a t i n g  f i e l d  r e c o r d e d  a long  t h e  a b s c i s s a ,  t o  th e  i n i t i a l  
i n t e n s i t y  o f  m a g n e t i z a t i o n  (Mq ) .
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s o u th .  I t  seems p r o b a b le  t h a t  t h e  t u f f  f i l l s  d e p r e s s i o n s  in  
t h e  T r i a s s i c  land  s u r f a c e  and has  n o t  been t i l t e d  by more than  
a few d e g re e s ,  so t h a t  o r i e n t e d  specimens  were r e l a t e d  t o  a 
h o r i z o n t a l  p lan e  and n o t  to  th e  bedd ing .  Charred  remains  of
t r e e s  overwhelmed by th e  t u f f  su g g es t  e x t r u s i o n  a t  high tem pera ­
t u r e s  .
two o r i e n t e d  spec imens  were t ak en  from each of s i x  s i t e s ,  
t r e a t i n g  each f low  a t  S t a f f o r d  qua rry  as  a  s e p a r a t e  s i t e .
Three d i s c s ,  each of 35 ram d i a m e te r  and 7 mm t h i c k ,  were c u t  
from each sample,  g i v i n g  36 spec imens.
d e m a g n e t i z a t i on i n  A l t e r n a t i n g  Magnetic F i e l d s .
As an i n i t i a l  t e s t  of s t a b i l i t y  of t h e  NRM, a s i n g l e  specimen 
from each s i t e  was s u b j e c t e d  t o  a l t e r n a t i n g  magnet ic  f i e l d s  
i n c r e a s e d  in  150 o e r s t e d  s t e p s  up to  600 o e r s t e d s .  The d i r e c t i o n s  
o b t a in e d  a r e  p l o t t e d  in  F i g u r e  5 -1 .  An a l t e r n a t i n g  f i e l d  of 
150 o e r s t e d s  gave t h e  s m a l l e s t  s c a t t e r ,  and a l l  specimens were
t r e a t e d  m  t h i s  f i e l d .  The s c a t t e r  remained  sm a l l  in  f i e l d s  up 
to  450 o e r s t e d s .
F i g u r e  5-2 shows a l t e r n a t i n g  f i e l d  d e m a g n e t i z a t i o n  cu rves  
f o r  th e  most s t a b l e  ( s i t e  S i )  and l e a s t  s t a b l e  ( s i t e  P) specimens.  
Curves  f o r  o t h e r  spec imens l i e  between t h e s e  two.  I t  may be 
n o te d  t h a t  t h e  d i r e c t i o n s  a f t e r  t r e a t m e n t  i n  h igh  a l t e r n a t i n g
(- ifs'Jre 5-1) a r e  l e a s t  s c a t t e r e d  in  th e  specimen from s i t e  
and most s c a t t e r e d  in  t h e  specimen f rom  s i t e  P .
5-2

TN TN
Fig. 5*3 Directions of remanent magnetization from the 
Brisbane Tuff. North-seeking directions are plotted as 
open circles on the upper hemisphere of a Schmidt equal 
area projection, before and after magnetic cleaning in 
an alternating field of peak value 150 oersteds. The 
dipole (d ) and present (p) field directions are shown.
5» 3 R e s u l t s « The d i r e c t i o n s  i n  a l l  s p ec im en s  measured
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i n i t i a l l y  (NRM) and a f t e r  p a r t i a l  d e m a g n e t i z a t i o n  i n  an  a l t e r ­
n a t i n g  m a g n e t i c  f i e l d  o f  150 o e r s t e d s  a r e  p l o t t e d  i n  F i g u r e  5*3» 
The mean s i t e  d i r e c t i o n s  and s t a t i s t i c s  a t  t h e  (1S) and ( 1 s t )  
l e v e l  a r e  l i s t e d  i n  T a b le  5*1»
The s t a t i s t i c s  i n  T a b le  5*1 show t h a t  t h e  p r e c i s i o n  i n c r e a s e s  
a f t e r  t r e a t m e n t  o n ly  a t  s i t e s  W1 and P .  However,  t h e  r e s u l t a n t  
d i r e c t i o n  o b t a i n e d  a f t e r  t r e a t m e n t  i s  s l i g h t l y  f u r t h e r  from t h e  
p r e s e n t  and d i p o l e  f i e l d  d i r e c t i o n s ,  s u g g e s t i n g  t h a t  a  s m a l l  
v i s c o u s  component  i s  p r e f e r e n t i a l l y  removed by t h i s  t r e a t m e n t .
T a b le  5*2 g i v e s  t h e  e s t i m a t e  o f  w i t h i n  (w) and be tween  (b) 
s i t e  p r e c i s i o n s .  (Watson and I r v i n g  1957 ) .
The i n c r e a s e  i n  b e t w e e n - s i t e  p r e c i s i o n  a f t e r  t r e a t m e n t  
vb,52~>145) i n d i c a t e s  t h a t  a  s m a l l  component ,  d i f f e r e n t  f o r  each  
s i t e ,  i s  r e d u c e d  o r  random ized  by t h e  a l t e r n a t i n g  f i e l d .  The 
im provement i n  K and Q  i s  n o t  l a r g e  b e c a u s e  t h e  i n i t i a l  
d i r e c t i o n s  a r e  c a u s e d  p r e d o m i n a n t l y  by a  s t a b l e  com ponent .
A l l  t h e  spe c im e n s  m easured  were n o r m a l ly  m a g n e t i z e d ,  w h e re a s  
p r e l i m i n a r y  r e s u l t s  from t h e  B r i s b a n e  T u f f  r e p o r t e d  i n  I r v i n g  
and Green  (1 9 5T) i n d i c a t e d  t h a t  some spe c im e n s  were  r e v e r s e l y  
m a g n e t i z e d .  T hese  spec im ens  were c o l l e c t e d  by Mr. I . R .  McLeod 
of t h e  Bureau  o f  M in e r a l  R e s o u r c e s .  They were m easu red  by 
D r .  Green  and r e p o r t e d  i n  t h e  above p a p e r .  I t  i s  p o s s i b l e  t h a t
5*3
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these reversed directions were from a lower horizon than those 
described here, however the within site scatter of directions 
was very high in the reversed sites, which may have been due to 
instability.
TABLE [3.2
WITHIN AND BETWEEN-SITE ANALYSIS OF PRECISION
Initial Treated
w 61 35 )
)
b 52 145 ) Watson
1 ) andk 271 512 ) Irving 
)
6.2 )Ql 8.6
l V
Q 4*4 4*6 Fisher
isT
Q
k — estimate of precision after allowing for palaeomagnetic 
errors, which appear in the within-site precision. 
q = the half-angle of the 9'd/o cone of confidence after Watson 
and Irving 2-tier analysis.
At all sites the specimens were oriented relative to a 
horizontal plane. Bedding in sediments beneath is usually flat 
but variable dips occur at Windsor quarry. The specimens from 
different sites are tightly grouped (see Figure 5*3) • This could
5.4
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on ly  be th e  c a s e  i f  a f t e r  m a g n e t iz a t io n  th e  t u f f  underwent no 
r e l a t i v e  movement between s i t e s ,  im p ly in g  t h a t  the  t u f f  a t  
s i t e  W1 co o le d  in  i t s  p r e s e n t  a t t i t u d e  and has not  been f o l d e d  
conformably with  th e  u n d e r ly in g  s t r a t a »  This conf irms the  
l i k e l i h o o d  t h a t  th e  t u f f  f i l l s  d e p r e s s i o n s  i n  a p r e v io u s  land  
s u r f a c e .
The p o le  p o s i t i o n  c a l c u l a t e d  from th e  ( ls1f) s t a t i s t i c s  i s  
( 57S,  H3E)  with  p o la r  e r r o r s  dm = 13,  and dp = 12»
5»5
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HILTON M ONZONITE
ILLADULLA
Monzontto Porphyry
P i g .  6.1 S k e tc h  map of  M i l t o n  M o n z o n i t e , showing s a m p l in g  
s i t e s .
CHAPTER 6. MILTON MONZONITE«
13
6.1 Geology, Agef and Sampling. The monzonite porphyry of 
the Milton district intrudes shattered and tilted Lower Palaeozoic 
sediments, and sub-horizontal sediments of the Upper Marine Series 
of Permian age* The intrusion is in the form of an irregular 
laccolith with associated sills (Brown 1925)« The fact that the 
enclosing Permian sediments have not been tilted suggests that 
there has been no movement since emplacement.
The monzonite is invariably porphyritic, and albitization 
is common, and much of the outcrop is weathered and soil covered* 
However unweathered oriented samples were collected from 5 sites, 
a quarry, a road-cutting, and two sites from river beds spaced 
over the main mass on which the town of Milton stands (Figure 6.1), 
and a road-cutting from the sill-like intrusion of Little Forest.
Preliminary K-A isotope age determinations have been made on 
plagioclase and pyroxene separates, giving a minimum age of 160 m.y. 
(Richards, private communication). These indicate a pre-Middle 
Jurassic age. Thus the porphyry was intruded at a time between 
Middle Permian and Middle Jurassic on the Kulp time scale.
-§.!,2__Partial Demagnetization in Alternating Magnetic Fields.
Directions of NRM at sites A and C showed a wide scatter suggesting 
!“'’i8 presence of a large secondary component. Four specimens from 
each of sites A, B and C were remeasured after treatment in 
alternating magnetic fields, increased by steps* The mean site
6.1
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•  Initial 
A  1*0 Oersted» 
B  225 Oersteds 
A  300 Oersteds 
ry 450 Oersteds 
V  600 Oersteds
F i g .  6 . 2  Mean s i t e  d i r e c t i o n s  a f t e r  s u c c e s s i v e  p a r t i a l  a l t e r ­
n a t i n g  f i e l d  d e m a g n e t i z a t i o n . Conventions  a s  f o r  F i g .  5*3*
□ Sit« A
o Sit« B
A Sit« C
I 150 300
Alternating Magnetic Field in Oersteds
F i g .  6*3 A l t e r n a t i n g  f i e l d  d e m a g n et iza t io n  curves  f o r  s i t e s  A«
B, and C. Comparable w i t h  F i g s .  5*2 and 4 . 6 ( b ) .
d i r e c t i o n  a f t e r  each  t r e a t m e n t  i s  g i v e n  i n  F i g u r e  6 . 2 .  I n  a l l
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c a s e s  p a r t i a l  d e m a g n e t i z a t i o n  i n  an a l t e r n a t i n g  m a g n e t i c  f i e l d  
moved t h e  s i t e  d i r e c t i o n s  away f ro m  t h e  p r e s e n t  f i e l d ,  b u t  t h e  
s c a t t e r  re m a in e d  v e r y  g r e a t  a t  s i t e  A* A l l  sp ec im en s  were t r e a t e d  
i n  225 o e r s t e d s ,  and t h e  s i t e  means,  a p a r t  f rom s i t e  A, form a 
c o h e r e n t  g r o u p .
D e m a g n e t i z a t i o n  c u r v e s  f o r  s i t e s  A, B and C a r e  g iv e n  i n  
F i g u r e  6 .3*  The r a p i d  i n i t i a l  f a l l  o f  i n t e n s i t y  i s  due t o  t h e  
removal  o f  a  l a r g e  ' s o f t '  s e c o n d a r y  component ,  and t h e  i n i t i a l  
d i r e c t i o n  a t  s i t e  C i n d i c a t e s  t h a t  much o f  i t  i s  d i r e c t e d  a l o n g  
t h e  p r e s e n t  f i e l d  d i r e c t i o n .  Hence t h e  i n c r e a s e  i n  i n t e n s i t y  
a t  s i t e  C a f t e r  t r e a t m e n t  i n  300 o e r s t e d s ,  and a t  s i t e  A a f t e r  
450 o e r s t e d s ,  i s  due t o  an i n c r e a s e  i n  t h e  r e s u l t a n t  o f  two 
opposed  v e c t o r s  due t o  t h e  more r a p i d  removal  o f  t h e  one d i r e c t e d  
a l o n g  t h e  p r e s e n t  f i e l d *  N e v e r t h e l e s s  t h e  p r im a r y  v e c t o r  a t  
s i t e  A i s  d i m i n i s h e d  t o  such  an e x t e n t  by t h e  d e m a g n e t i z i n g  
f i e l d  t h a t  t h e  d i r e c t i o n s  r em a in  random a t  P =0 .05  and have n o t  
been  u s e d  i n  t h e  a n a l y s i s .
P a r t i a l  d e m a g n e t i z a t i o n  a t  s i t e s  B and C gave t h e  h i g h e s t  
p r e c i s i o n  a f t e r  t r e a t m e n t  i n  300 o e r s t e d s  and i t  i s  p o s s i b l e  
t h a t  a  h i g h e r  p r e c i s i o n  c o u l d  be o b t a i n e d  by t r e a t i n g  a l l  s p e c i ­
mens i n  t h i s  f i e l d ,  b u t  t h e  mean d i r e c t i o n s  would n o t  be 
s i g n i f i c a n t l y  change d  a s  may be s een  by s i t e  d i r e c t i o n s  in  
F i g u r e  6.2*  I t  a p p e a r s  t h a t  t h e  s e c o n d a r y  component a c q u i r e d  by
6 . 2
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Site B
Site C
Temperature in Degrees Centigrade
P i g .  6.4 D e m a g n e t i z a t i o n  of  l a b o r a t o r y  TRM f o r  s i t e s  B a n d  C» 
Comparable w i t h  P ig *  4 . 6 ( d )  dashed  l i n e s .
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t h i s  r o c k  h a s  a  h i g h e r  c o e r c i v i t y  t h a n  t h a t  of  l a v a s  t r e a t e d  
e l s e w h e r e ,  such  a s  t h e  b a s a l t s  o f  New S o u th  Wales ( I r v i n g ,  S t o t t  
and Ward, 1961) and t h o s e  o f  s o u t h - e a s t  Q ueen s lan d  ( C h a p t e r  1 0 ) ,  
s i n c e  maximum p r e c i s i o n  o c c u r s  h e r e  a f t e r  t r e a t m e n t  i n  a  h i g h e r  
a l t e r n a t i n g  f i e l d *
6*3 D e m a g n e t i z a t i o n  of  A p p l i e d  TRM by H e a t i n g * F o u r  spe c im e n s  
f rom each  o f  s i t e s  B and C were  h e a t e d  t o  600°C and c o o l e d  i n  an  
a p p l i e d  f i e l d  o f  1.1 o e r s t e d s .  The TRM d i r e c t i o n s  a c q u i r e d  were 
w i t h i n  1° o f  t h i s  f i e l d  e x c e p t  f o r  one s p e c im e n ,  which d e v i a t e d  
f rom i t  by 4°* T h i s  shows t h a t  t h e  spe c im e n s  a r e  m a g n e t i c a l l y  
i s o t r o p i c  and s u g g e s t s  t h a t  t h e y  a c q u i r e  a  TRM which a c c u r a t e l y  
p a r a l l e l s  t h e  f i e l d  i n  which  t h e y  c o o l  when i t  i s  co m p arab le  i n  
m a g n i tu d e  w i t h  t h a t  o f  t h e  e a r t h .
The r a t i o  o f  TRM t o  NRM f o r  t h e  spe c im e n s  a t  s i t e s  B and C 
i s  r e s p e c t i v e l y  16 and 20 .  I f  we assume t h a t  t h e  m a g n e t i c  f i e l d  
i n  which t h e  raonzoni te  o r i g i n a l l y  c o o l e d  had t h e  same i n t e n s i t y  
a s  t h a t  a p p l i e d  i n  t h e  l a b o r a t o r y  (1 .1  o e r s t e d s ) ,  t h i s  i n d i c a t e s  
t h a t  o v e r  90 p e r  c e n t  of  t h e  o r i g i n a l  TRM h a s  decayed  s i n c e  t h e  
t i m e  o f  f o r m a t i o n ,  and s u g g e s t s  t h a t  t h e  NRM i ß  s i m i l a r  bu t  much 
o l d e r  r o c k 3  may be t o o  weak t o  m e asu re .
The s p ec im en s  were d e m a g n e t i z e d  by h e a t i n g  t o  s u c c e s s i v e l y  
h i g h e r  t e m p e r a t u r e s  and t h e  n o r m a l i z e d  i n t e n s i t i e s  a r e  p l o t t e d  i n  
F i g u r e  6 . 4 . F o r  s i t e  C t h e  i n t e n s i t y  f a l l s  o f f  s l o w ly  w i th
6 .3
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P i g .  6*5 D i r e c t i o n s  of m a g n e t i z a t i o n  from specimens b e fo re  
(a ) and a f t e r  (b) p a r t i a l  d e m ag n e t i z a t io n  in  an a l t e r n a t i n g  
m agne t ic  f i e l d  of peak v a lu e  225 o e r s t e d s .  Convent ions  as  
f o r  P i g .  5 . 3 .
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increase of temperature up to 400°C, for site B even more so»
The curves indicate that the main Curie Points lie between 
500°C and 540°C for site C, and between 530°C and 570°C for 
site B» In this instance the site with the higher Curie Point 
is the more stable but the difference is too small and the 
temperature spacings too wide for this to be significant.
6.4 Stability and Results. The following points indicate that 
the directions after partial demagnetization in alternating fields 
give that of the field at the time of cooling:-
0) Specimens acquire TRM directions in the laboratory accurately 
along the applied field.
(2) The directions are well away from the present field direction 
so that they are stable in this field.
(3) Alternating field demagnetization curves are typical of 
those from partially stable rocks.
(4) TRM curves indicate stability under all temperature condi­
tions likely to have prevailed since intrusion.
Table 6.1 gives the mean site directions before and after 
treatment in an alternating field of 225 oersteds and the 
combined statistics at the Island level, and the individual 
specimen directions are plotted in Figure 6*5» The result gives 
a field direction in the opposite sense to the present field and 
with a steeper inclination, and the pole position calculated
6*4
144
ME
AN
 S
IT
E 
DI
RE
CT
IO
NS
 F
OR
 T
HE
 M
IL
TO
N 
MO
NZ
OU
IT
E
• H  CQ
O  -PO CÖ H O d d
145
f ro m  t h e  t r e a t e d  1s T  s t a t i s t i c s  g i v e s  a p o l e  a t  (32S ,  17VE) 
w i t h  p o l a r  e r r o r s  dm=29, dp=29*
6 •  5
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CHAPTER 7 .  GIBRALTAR SYENITE, PROSPECT DOLERITE AND 
GINGENBULLEN DOLERITE
7*1 I n t r o d u c t i o n » When I  came t o  t h e  D epar tm en t  Boesen  and 
I r v i n g  had c a r r i e d  o u t  i n i t i a l  p a l a e o m a g n e t i c  work on t h e  
G i b r a l t a r  S y e n i t e ,  t h e  P r o s p e c t  D o l e r i t e ,  and t h e  G i n g e n b u l l e n  
D o l e r i t e .  S u b s e q u e n t l y  I  c a r r i e d  o u t  s t a b i l i t y  t e s t s  on t h e  
spec im ens  from t h e s e  i n t r u s i o n s  and c o l l a b o r a t e d  i n  a j o i n t  
p u b l i c a t i o n  (Boesen ,  I r v i n g  and R o b e r t s o n  1 9 6 1 ) .  The work i s  
d e s c r i b e d  h e r e  t o  p r e s e r v e  t h e  c h r o n o l o g i c a l  o r d e r  o f  t h e  r o c k  
b o d i e s  s t u d i e d .
7 . 2  Geology ,  S am pl ing  and Age. The G i b r a l t a r  S y e n i t e  i s  
t h o u g h t  t o  be an a s y m m e t r i c  l a c c o l i t h  and i s  i n t r u d e d  i n t o  
Hawkesbury S a n d s to n e  ( S t e v e n s  195 6 ) ,  which i s  Middle  T r i a s s i c .
I t  i s  composed o f  an a e g e n i n e - a u g i t e  m i c r o s y e n i t e  w i th  
d e u t e r i c a l l y  a l t e r e d  p h a s e s  and n a r ro w  p e g m a / t i t i c  v e i n s .  The 
samples  were o b t a i n e d  f ro m  2 o p e r a t i n g  q u a r r i e s  on t h e  s o u t h e r n  
f a c e ,  f o r  which g r i d  r e f e r e n c e s  on t h e  one m i le  m i l i t a r y  s e r i e s  
a r e  M i t t a g o n g  426426 and 427424* On p e t r o l o g i c a l ,  g ro u n d s  t h e  
i n t r u s i o n  was r e g a r d e d  a s  p r o b a b l y  e a r l y  T e r t i a r y  (David 1950 
P *581) ,  bu t  h o r n b l e n d e  f rom  t h i s  work gave  a K-A i s o t o p e  age  o f  
1.8 m . y . ,  p l a c i n g  i t  i n  t h e  Lower J u r a s s i c  on t h e  Kulp t i m e  s c a l e .  
Thus g e o l o g i c a l  and K-A i s o t o p e  e v i d e n c e  p u t  t h e  age l i m i t s  a t  
M idd le  T r i a s s i c  t o  Lower J u r a s s i c .
The P r o s p e c t  D o l e r i t e  i s  a  d i s h - s h a p e d  s h e e t  o f  t e s c h e n i t i c  
d o l e r i t e  convex  downwards,  i n t r u d e d  d i s c o r d a n t l y  ( a t  l e a s t  i n
7.1
